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Abstract. Strontium-90, radiocesium, and other radionuclides were deter-
mined in samples from all over the country of air, precipitation, stream water, 
lake water, ground water, drinking water, sea water, soil, sediments, dried 
milk, fresh milk, meat, fish, cheese, eggs, grain, bread, potatoes, vegetables, 
fruit, grass, moss, lichen, sea plants, total diet, and humans. Estimates are 
given of the mean contents of radiostrontium and radiocesium in the human 
diet in Denmark during 198S and 1989. Tritium was determined in precipita-
tion, ground water, other fresh waters, and sea water. The -/-background was 
measured regularly by TLD's and a Nal detector. The marine environments 
at Barseback and Ringhals were monitored for t3/Cs and corrosion products 
(5«Co,«>Co,MZn,WMn). 
During 1988 and 1989 the expanded programme initiated after the Cherno-
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Abbreviations and Units 
J: joule: the unit of energy; 1 J = 1 Nm (= 0.239 cal) 
Gy: gray: the unit of absorbed dose = 1J kg-1 (= 100 rad) 
Sv: sievert: the unit of dose equivalent = 1J kg-1 (= 100 rem) 
Bq: bee uerel: the unit of radioactivity = 1 s_l (= 27 pCi) 
cal: calorie = 4.186 J 
rad: 0.01 Gy 
rem: 0.01 Sv 
Ci: curie: 3.7 x 10" Bq (= 2.22 x 101-' dpm) 
E: exa: 10" 
P: peta: 10 ,s 
T: tera: 10»2 
G: giga: 109 
M: mega: 10* 
k: kilo: 10* 
m: milli: 10~3 
u.. micro: 10-6 
n: nano: I0~9 
p: pico: 10-12 
f: femto: 10~1S 
a: atto: 10-" 
pro capite: per individual 
















per year (a-1) 
counts per minute 











natural (stable) Sr 
eqv. mg KCl: equivalents mg KCl: activity as from 1 mg KCl 
(-0.96 dpm = 0.016 Bq; 1 g K = 30.65 Bq) 
S.D.: standard deviation: 
S.E.: standard error 
In*-**)7 
V ("-i) 
/E(x - tiY 
V r>(n-l) 
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U.C-L.: upper control level 
L.CL-: lower control level 
S.S.D.: sum of squares of deviation: Z(x-x,): 
f: degrees of freedom 
s!: variance 
v2: ratio ofthe variance in question to the residual variance 
P: probability tractile of the distribution in question 
i ) : coefficient of variation, relative standard deviation 
anova: analysis of variance 
A: relative standard deviation 20-33% 
B: relative standard devition >33%, such results are not considered 
significantly different from zero activity 
B.D.L.: below defection limit 
In the significance test the following symbols were used: 
* : probably significant (P > 95%) 
** : significant (P > 99%) 




The present report is the thirty-second of a series of periodic reports (Rise 
Reports 1957-1989) dealing with measurements of radioactivity in Denmark. 
The organization of the material in the present report corresponds to the 
report of last year. However, this report covers two years: 1983 and 1989. The 
tables (and figures) representing 1988 are marked with an A and those from 
1989 with a B. Tables and Figures are placed after the text in each chapter, and 
the text has been reduced compared to previously. After the introduction and 
a chapter on organization and facilities, there fellows a chapter on environ-
mental monitoring around nuclear facilities (Ris«, Barseback, and Ringhals). 
Chapter four deals with fallout nuclides in the abiotic environment, i.e. air, 
water, and soil. Chapters five and six comprise fallout nuclides in the human 
diet, various vegetation and human tissues. Chapter seven is devoted to a 
general discussion of environmental tritium studies. External radiation is 
treated in chapter eight. The names of the authors of each chapter appear at 
its head. 
L2. 
The methods of radiochemical analysis (Osmond et al. 1959, Bryant et al. 1959, 
Honey 1972) and the statistical treatment of the results (Hald 1958, Veuergaard 
1964) are still based on the principles established in previous reports (Rise 
Reports 1957-1989). 
13. 
The detailed tables of the environmental monitoring programme for Risø 
National Laboratory appear in semiannual reports: Radioactivity in the Risø 
district January-June 1988, July-December 1988, January-June 1989 and July-
December 1989 which are available from Rise Library. 
1.4. 
The report contains no information on sample collection and analysis except 
in cases where these procedures have been altered. 
L5. 
In 1988 and 1989 the personnel of the Environmental Control Section of the 
Health Physics Department consisted of three chemists (ind. one guest scien-
tist), one biologist, one physicist, ten laboratory technicians, three sample 
collectors, and two laboratory assistants. The group for Electronics Develop-
ment and Maintenance gave assistance with the maintenance of counting 
equipment. 
1.6. 
The composition of the average Danish diet used in this report is identical 
with that proposed in 1962 by the late Professor E. Hoff-Jørgensen, Ph.D. 
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2. Facilities 
By SP. Nielsen 
2J. Detectors 
The samples are measured as follows: 
Alpha (2*Pu, w A m and ZMPo): 22 semiconductor detectors connected to 
multichannel analyzers (512 channels per detector) and another two for total 
alpha counting. 
Beta (*°Y and T c ) : Six "muItideteaor"-systems each containing S sample 
coo tiers and a common anticoincidence shield are used. 
Gamma (natural and mllout isotopes): A total of II germanium detectors in 
10 an lead shields are used for gamma spectrometric measurements. Four 
detectors are connected to a hard-wired multichannel analyze and 7 to 
MCA-cards in personal computers. The efficiencies of the detectors arc in the 
range 4-40% relative to a 3" x 3" Nal(Tl) detector. An S" x 4" NaI(Tl) 
detector and a detector unit with three 4" x 4" x 16" NalfTl) crystals are 
used in an underground shklded room for gamma-spectrometric whole-body 
measurements. 
12. Data Treatment 
Measured spectra are transferred to a Unisys A6 computer for evaluation. 
A program system STATDATA (Lippen 197S) is developed for registration 
and treatment of environmental measurements including multichannel analy-
zer spectra. To date, approximately 110 000 sets of resulu have been registered 
covering the period from 1957. 
8 Riso-R-570 
3. Environmental Monitoring at Rise, 
Barseback, and Ringhals 
by H. Dahlgaard 
3.L Environmental Monitoring at Risø 
From the four semiannual reports: Radioactivity in the Ris« district Janua-
ry-June 1988, July-December 1988, January-June 1989 and July-December 
1989, the results of the environmental monitoring at R>* are presented. The 
reports are available from the Ris« Library. 
The various anthropogenic radionuclides measured outside the Risø area 
came from non-Ris* sources. 
32. Marine Environmental Monitoring at Barseback 
and Ringhals 
The radiological monitoring of the marine environment around the two nu-
clear power plana at Barseback and Ringhals in Sweden (Rise Reports 1957-
1989) was continued throughout 1988 and 1989. At the end of 1989 the sam-
plings in Barseback and Ringhals have been brought to an end. 
Figures 3.2.1 J and 3-2J.2 show the sampling locations. 
3.24. -y-Emhting Radionuclides in Brown Algae 
Tables 3.2.1.1 and 3.2.1.2 show the radionuclide concentrations found by •>-
spectromeiric analysis in brown algae sampled near Ringhals in 1988 and 
1989. Monthly data on radionuclides in seaweed from Barseback and Ringhals 
are reported in Clupter 3.2.5. The dau are expressed on the basis of dry 
weight. Dry matter contents are given. 
Table 3.2.1.3 shows a comparison of the 3 fucoids Fucus vesiculosus, Fucus 
serratus, and Ascophyllum nodosum. The levels of significance of differences 
from unity are indicated. 
3.2.2. -y-Emitting Radionuclides in Bcnthic Invertebrates and Fish 
Table 3.2.2.1 shows results of the -y-countings on benthic animals and fish 
from Ringhals and Barseback in 1988 and 1989. The dose commitment to a 
hypothetical critical individual consuming 20 kg Myiilus edulis soft pans 
(fresh weight) yearly would be less than 1 u.Sv yr1 based on mussels from 
Ringhals, location 95 (Table 3.2.5.4). This dose is insignificant compared to 
natural background doses. 
^consumption of 100 kg flatfish meat would give approximately 1-2 p.Sv 
from radiocesium based on data in Table 3.2.2.1. The cesium isotopes come 
mainly from the Chernobyl accident. 
Risø-R-570 9 
12A. -y-Emitting Radioanctides ia Sea Sediments 
Results from sediment samples collected at Baneback and Ringhals with the 
HAPS bottom corer are shown in Tables 3.2.4.1 and 3.2.4.2. 
At both power plants the *°Cn that has been detectable in the sediments for 
several years has been compared with the reported annual discharges from 
Tables 3.2.5.2 and 3.2.5.10. The total amount of *°Co accumulated in the 
sediments at Ringhals location 2 and Barseback location 31 expressed as Bq 
ur2 has been divided for each year with the total amount of **Co discharged 
from each power plant (GBq, decay correaed) summed up till the year of 
sampling. The result is a transfer factor from the total accumulated discharge 
to one square meter of sediment at the specified location, i.e. Bq nW/GBq or 
nr* x 10-'. 
These sediment transfer factors are shown in Figs. 3.2.4.1 and 3.2.4.2. These 
transfer factors based on total accumulated discharges do n c show a clear 
decreasing tendency, as they should if a significant part of the sedimented 
cobalt was remobilized. Thus, the results indicate an irreversible sedimenta-
tion of cobalt. 
3 J-5. Monthly Time Series at Ringhals aad Barsebick 
For historical reasons the monthly data sets are reported in this chapter. 
Ringhals Results 
Tables 3.2.5.1-3.2.5.8 give the Ringhals data. The concentrations of anthropo-
genic gamma emitters as well as of 7Be in Fucus outside the northern cooling 
water intake channel was as discussed in the previous report lower than in 
Fucus sampled in the channel even if the last site is 200 m further away from 
the power plant. Table 3.2.5.5 gives annual average values for the ratio. 
Baneback Results 
Tables 3.2.5.9-3.2.5.13 give the Barseback dak-. 
10 Riso-R-570 
ECOLOGY SECTION 
WASTE WATER AND GRASS STATION 
WASTE TREATMENT STATON 
METEOROLOGICAL MA3T 
HOT CELL FACILITY 
10 MW REACTOR OR 3 
® 1 m1 RAINCOLLECTOR 
I S 10 m2 RAINCOLLECTOR 
NEW AIRCOLLECTOR 
Fig. 3.1.1. Sampling locations at Risø National Laboratory. 1-S: locations for rain 
bottles (0.03 m2 each), ion-exchange columns (0.06 m2 each), and grass samples. 
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12°50'E 13°00'E 
Fig. 3.2.1.1. Sampling locations at Barsebåck. Arrows indicate cooling water intake 
and outlet. 
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12°00'E 12°05'E 12'10'E 
Fig. 3.2.1.2. Sampling locations at Ringhals. 14 indicates fishing trucks. Arrows 
indicate cooling water intake and outlet. 
Risø-R-570 13 
Table 3.2.1.1A. Radionuclides in Fucus vesiculosus (Fu.ve.) and Fucus serratus 
(Fu.se.) collected at Ringhals 8 June 1988. (Unit: Bq kg-1 dry matter) 
Station No.** 
% dry matter 
Species 
Distance from 
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* Locations south of the outlet; the other locations were situated north of the outlet. 
" C f . Fig. 3.2.1.2. 
Table 3.2.1.l.B. Radionuclides in Fucus vesiculosus (Fu.ve.) and Fucus serratus 
(Fu.se.) collected at Ringhals 12 May 1989. (Unit: Bq kg-' dry matter) 
Station No.** 
% dry matter 
Sppcies 
Distance from 


































































* Locations south of the outlet; the other locations were situated north of the outlet. 
##Cf. Fig. 3.2.1.2. 
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Table 3.2.I.2.A. Radionuclides in Fucus serratus (Fu.se.) collected at Ringhals 15 
December 1988 (Unit: Bq kg-'dry matter) 
Station No.** 
% dry matter 
Species 
Distance from 






























































•Locations south of the outlet; the other locations were situated north of the outlet. 
"Cf. Fig. 3.2.1.2. 
Table 3.2.I.2.B. Radionuclides in Fucus vesiculosus (Fu.ve.), Fucus serratus 
,(Fu.se:) ånd Asoophyllum nodosum (As.noJ) collected at Ringhals 31 October 1989 
(Unit: Bq kg-' dry matter) 
Station N o * * 
% dry matter 
Species 
Distance from 
outlet in km 
5"Mn 






























•Locations south of the outlet; 


















































































Table 3.2.1.3. Ratios of activity concentrations on dry weight basis in Fucus vesicu-
lous (Fu.ve.), Fucus serratus (Fu.se.) and Ascopkyllum nodosum (As.no.) collected 










^ S b 
" C o 






















' ±0039 (n = 43) 
'±0.033 (n = 42) 
±0.056 (n = 36) 
±0.061 (n = 28) 
±0.138 (n = 23) 
±0.029 (n = 42) 
(n = 1) 
(n = 1) 
(n = 1) 
±0.780 (n = 2) 
±0.037 (n = 18) 
±0.249 (n = 5) 
±0.261 (n = 5) 
±0.218 (n = 2) 
(n = 1) 















±0.12 (n = 18) 
'±0.25 (n = l6) 
'±0.30 (n = 9) 
±0.17 (n = 16) 
±0.17 (n = 12) 
'±0.07 (n = 16) 
(n = 1) 
<n = 1) 
(n = 1) 
±0.04 (n = 2) 
±1.17 (n = 2) 
±0.38 (n = 2) 
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Table 3.2.2.1 A. Gamma-emitting radionuclides in benthic animah and fish collected 
at Ringhals and Baneback in 1988. (Unit: Bq kg-' fresh) 
Species Buccinum* Mytilus' Mytilus* Mytilus* MytHus* 
Flatfish Flatfish Flatfish Cod Lumpsucker undatum eduiis eduiis eduiis eduiis 




% dry matter 

















































»Co 94 42 8 10 3 

















0 8 B 5 7 
2 8 7 3 51 3 4 14 8 
*Cf. Figs. 3.2.1.1 and 3.2.1.2. 
'Unit: Bq kg-1 dry matter 
Table 3.2.2.1. B. Gamma-emitting radionuclides in benihic animals and fish collected 





% dry matter 














































^ C s 


















*Cf. Figs. 3.2.1.1 and 3.2.1.2. 
*Unit: Bq kg-1 dry matter 
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Table 3.22.2. Activity ratios on dry weight basis, Mytilus edulis soft part (from 
Tables 3.2.2J A andB) to Fucus vesiculosus (from Tables 3.2.1.1 A and B) 





















































Table 3.2.4.1 A. Gamma-emitting radionuclides in sediment samples collected at 























































Table 3.2.4.1.B. Gamma-emitting radionuclides in sediment samples collected at 




















































































































1976 1976 1980 1962 1984 
YEAR 
Fig. 3.2.4.1. Total accumulated discharge of ^Co (GBq, decay-corrected) from 
Barseback (a) and transfer factor to one square meter of sediment at location 38 
(M) calculated as Bq m-2IGBq. 
Fig. 3.2.4.2. Total accumulated discharge of ^Co (GBq, decay-corrected) from 
Ringhals (a) and transfer factor to one square meter of sediment at location 2 (M) 
calculated as Bq m~2/GBq. 




Table 3.2.4.2A. Gamma-emitting radionuclides in sediment samples collected at 
Ringhals, SriS'Nir04'E, location 2, in 198S. (Area: 0.0145 m2) 
Date Layer »Co *°Co <»Sb ' » S b i3«cs i3*cs :37Cs i37Cs 
ir: Bq kg-' Bq rrr* Bq kg-" Bq m-* Bq kg-1 Bq m 1 Bq kg" Bq m1 
























0-15 2 320 2 59 21180 



























0-15 2980 2 68 178 12900 
Table 3.2.4.2.B. Gamma-emitting radionuclides in sediment samples collected at 
Ringhals, STIS'N IT«4'E, location 2, in 1989. (Area: 0.0145 m1) 
Date Layer "Co «>Co 'JSSb '»Sb ,3*Cs "*Z% T37Cs '^Cs 
in Bqkg-' Bq m"2 Bqkg-" Bq m-* Bqkg-' Bqrrr* Bqkg-' Bq m-* 








































































Table 3.2.5.1 Ji. Rtpoatd montkfy liquid discharges from Ringkah in 1988 
(Sydkraft 1988). (Una: Bq month-') 
Isotop« Jan F«t> March Aoni May J w * Jvrty A«g 5« " Oct Mo- DcC 
*'Cr 77*10« 16x10* 7 9 * 1 0 ' 3 5 * 1 0 ' 8 3 x 1 0 * 5 9 x 1 0 * 4 l * i o » 4 6 - 1 0 * I 6 * t 0 * l 4 x i o » 6 6 * 1 0 * 1 2 * 1 0 * 
4«Vn i j y i o « 14x10* 16»1Q* 1 3 * 1 0 * 17x10* * 6 * 1 0 * 5 0 x 1 0 * 4 1 - 1 0 * 40x10« 3 3 x 1 0 * 4 5 - 1 0 * 1 5 - 10« 
*'Co 59*10« 1 7 x 1 0 ' 73x10« 4 3 * 1 0 « 9 1 x 1 0 * 1 4 x 1 0 ' 5 5 > ! 0 ' 3 7 * i 0 ? 3 9 x 1 0 ' 4 0 x 1 0 ' 48»10~ 3 6 - 1 0 ' 
"Co 1 6 * 1 0 * I 4 x i 0 » 5 4 x 1 0 * 2 2 x 1 0 * 2 9 x 1 0 * 3 2xlO» 2 3 > 1 0 , e 1 3 * 1 0 ' C 17x10'« 13 *10 T ° 7 6x10* 5 5 * 1 0 * 
**F* 6 1 * 1 0 ' 6 3 x 1 0 ' 1 8 x 1 0 ' 54x10« 3 5 x 1 0 ' 2 0 x 1 0 ' 1 6 * 1 0 * 2 3 x 1 0 * I 6 x i 0 * 18»10* 2 3 - 1 0 « 1 6 * 1 0 ' 
«*Ce 17x io> 5 5 x 1 0 * 3 3 x 1 0 * 2 2 * 1 0 * 2 6 x 1 0 * 2 2 x 1 0 * 5 9 x 1 0 * 6 4 x 1 0 * 4 9 x 1 0 * 3 4 x 1 0 * 6 9 x 1 0 * 9 3 * 1 0 * 
*»2n 8 2 x 1 0 ' 6 6 x 1 0 ' 5 8 x 1 0 ' 2 6 x 1 0 ' 3 9 x 1 0 ' 3 7 x 1 0 ' 3 3 * 1 0 ' 12x10* 8 4 x i C ' 3 3 x 1 0 ' 8 0 * 1 0 ' 1 2 * 1 0 * 
"»"Ag 4 0 x 1 0 ' 14x10* 4 2 x 1 0 ' 5 4 x 1 0 ' 3 4 x 1 0 ' 3 2 x 1 0 ' 7 7 x 1 0 ' 2 0 * 1 0 ' 3 2 x 1 0 * 1 7 x 1 0 * 24x10« 3 2 * 1 0 ' 
'J'l 69 *10« 52x10« 0 0 56x10« 1 5 x 1 0 * 1 2 x 1 0 ' 0 0 14x10* 15x10* 1 3 x 1 0 ' 70x10'- 22xi<*» 
,J
*Cs 15x10« 17x10* 9 9 x 1 0 ' 3 7 x 1 0 ' 4 3 x 1 0 * 1.8x10* 2 1 x 1 0 * 1 8 x 1 0 * 10x10* 2 4 x 1 0 * 12x10« 3 7 * 1 0 * 
, J
'C i 23x10* 2 9 x 1 0 * 2 1 x 1 0 * 7 9 x 1 0 ' 6 8 x 1 0 * 2 5 x 1 0 * 3 2 x 1 0 * 4 6 x 1 0 * 94x10« 3 1 x 1 0 * 2 7 x i o * 2 4 * 1 0 * 
Table 3.2.5.1.B. Reported monthly liquid discharges from Ringhals in 1989 
(Sydkraft 1989). (Unit: Bq month-') 
Isotop« J*n Feb March April May June July *u§ Sect Oct No« Dec 
»'Cr 4 2 x 1 0 ' 9 1 x 1 0 ' 4 3 x 1 0 ' 6 8 x 1 0 * 3 4 x 1 0 * 1 0 x 1 0 * 2 5 x i o * 5 5 * 1 0 * 16x10* 43x10« 4 3 * 1 0 - 1 9 . 1 0 * 
**Mn 4 9 * 1 0 ' 2 4 x 1 0 * 18x10« 5 5 x 1 0 ' 17x10* 3 3 * 1 0 * 4 9 x 1 0 * 7 3-10« 77x10« 3 9 * 1 0 * 9 5 * 1 0 " 13-10« 
»'Co 79*10« 2 4 x 1 0 ' 2 6 x 1 0 ' 73>10« 1 4 x 1 0 ' 3 7 * 1 0 ' 6 8 » 1 0 7 31 - I0T 5 0 x 1 0 ' 2 1 * 1 0 ' 7 5 - 1 0 * 1 7 * 1 0 ' 
**Co 13>10» 2 1 x 1 0 * 2 2 x l 0 > 57x10« 3 0 x 1 0 * 5 6 * 1 0 * 1 9 * 1 0 ' ° 8 8 - 1 0 * 1 4 * 1 0 « 4 3 * 1 0 * 3 9 * 1 0 * 26 10* 
5*Fe 0 0 0 0 0 0 0 0 13x10* 3 8 x 1 0 ' 4 6 x 1 0 ' 5 6 * ' 0 « 5 3 * 10' 3 6 * 1 0 ' 74x10« 4 8 - 1 0 * 
«°Co 1 3 * 1 0 * 3 7x10* 2 3 x 1 0 ' 1 1 * 1 0 * 6 2 x 1 0 * 9 4 * 1 0 * 1 7 » 1 0 : 0 9 2 * 1 0 * T3x10'3 7 0 * TO* 2 9*10? 3 1 * 1 0 * 
**Zn 2 4 * 1 0 ' 2 7 x 1 0 ' 1 1 x 1 0 ' 2 6 x 1 0 ' 5 5 x 1 0 ' 2 6 * 1 0 ' 1 3 x 1 0 * 8 5 * 1 0 ' 29x10« 1 4 * 1 0 * 48x10" ? 5 * 1 0 ' 
"*"Ag 1 0 * 1 0 ' 2 9 x 1 0 ' 1 3 x 1 0 ' 52 *10« 2 2 x 1 0 * 5 9 x 1 0 ' 3 3 x 1 0 * 2 0 * 1 0 * 4 4 . 1 0 ' 1 . * 10' 9 7 x i 0 7 1 6 x 1 0 ' 
" ' I 93*105 2 1 x 1 0 * 35x10« 0 0 8 1 x 1 0 ' 1 4 x 1 0 ' 0 0 3 2 * 1 0 7 29800 9 7 * 1 0 * 0 0 0 0 
IJ
*Cs 7 7 * 1 0 ' 1.0x10* 3 7 * 1 0 « 5 0 * 1 0 ' 3 7 x 1 0 * 2 0 * 1 0 * 4 6 * 1 0 « 2 4 - 1 0 * 48*10« 1 4 * 1 0 * 9 3 * 1 0 ' i I * 10* 
!>"Cs 3 7 - : j - " 4 * 1 0 « 3 7 - 1 0 « 1 9 - 1 0 * 62 *10« 6 9 - 1 0 * 6 3 - 1 0 * 4 2 - 6 0 * 2 4 - 1 0 * l T - 10* 2 0 - 1 0 * 5 5 - 1 0 * 
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Table 3.2.5.2. Reported annual liquid discharges from Ringhals 1975-I989, 
(Sydkraft 1975-1989). (Unit: BqyeaH) 
Isotope 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
5
'Cr 2.3x10s 1.3x10" 3 9 x 1 0 ' ° 7 5 x 1 0 s 6 0 x 1 0 s 1 6 x 1 0 ' ° 5 5 x 1 0 s 1 4 x 1 0 ' ° 8 1 x 1 0 * 1.9x10'° 1.0x10'° 1.3x10'° 1 5 x 1 0 ' ° 1.1x10'° 
M M n 3 4 x 1 0 s 3.3x10'° 1.1x10'° 5.2x10s 5 4 x 1 0 s 4 0 x 1 0 s 2 2 x 1 0 s 7 8 x 1 0 s 8 1 x 1 0 * 5.1x10* 5 5 x 1 0 s 4 2 x 1 0 * 3 1 x 1 0 s 3 1 x 1 0 * 
"Co 16x10* 1 1 x 1 0 * 2.2x10' 4 9 x 1 0 ' 1 1 x 1 0 s 
»Co 0 1.5x10'° 3 .1x10" 5 1 x 1 0 ' ° 2 7x10 ' ° 1 8 x 1 0 ' ° 2 6x10 ' ° 1 8 x 1 0 ' ° 5 9 x 1 0 ' ° 1.2x10" 
59fe 0 1 1 x 1 0 s 1 1 x 1 0 ' ° 1.3x10s 9 9 x 1 0 * 1.1x10s 11x10* 6 5 x 1 0 * 6 6 x 1 0 * 
°°Co 44x105 2 2 x 1 0 ' ° 1.1x10" 9 8 x 1 0 ' ° 5 2 x 1 0 ' ° 9 3 x 1 0 ' ° 6 5 x 1 0 ' ° 3 3 x 1 0 ' ° 7 8 x 1 o ' ° 1 2 x 1 0 " 
<*Zn 8.1x10s 3 8 x 1 0 ' ° 4 0 x 1 0 ' ° 8 5 x 1 0 ' ° 4.2x10'° 8 8 x 1 0 ' ° 2 2 x 1 0 ' ° 2 0 x 1 0 ' ° 9 7 x 1 0 s 
"°">Ag 3.0x10s 9 3 x 1 0 s 4 6 x 1 0 s 1 1 x 1 0 s 1 1 x 1 0 s B8x10* 6 0 x 1 0 * 5 2 x 1 0 * 5 1 x 1 0 * 
'3'l 2 4 x 1 0 s 0 3 6 x 1 0 ' 0 2 4 x 1 0 s 1 8 x 1 0 s 3 0 x 1 0 s 3 4 x 1 0 s 4 8 x 1 0 * 
'»Cs 6 2 x 1 0 s 1 2 x 1 0 ' ° 4 9 x 1 0 ' ° 1 5 x 1 0 ' ° 15x10 ' ° 2 5x10 ' ° 8 8 x 1 0 s 2 8 x 1 0 s 
•3'Cs 8 4 x 1 0 s 2 6 x 1 0 ' ° 6 6 x 1 0 ' ° 2 1 x 1 0 ' ° 2 0 * 1 0 ' ° 3 3 x 1 0 ' ° 1 5 x 1 0 ' ° 6 2 x 1 0 s 
2.6x10* 
6 7x10 ' ° 
2.7x10* 
5 7x10'° 





3 1 x 1 0 * 
9 1 x 1 0 ' ° 
8 0 x 1 0 * 
8 6 x 1 0 ' ° 
4.6x10* 
6 0 x 1 0 * 
6 1 x i o * 
7 9 x 1 0 * 
1 5 x i 0 ' ° 
5 6 x 1 0 * 
7 3x10 ' ° 
2 2 x 1 0 * 
6 5 x 1 0 ' ° 
41 x10* 
5 8 x 1 0 * 
1 7x 10* 
4 5 x 1 0 s 
7 7 x 1 0 s 
31 x i o * 
8 4x10 ' ° 
1 2x10« 
5 4 x 1 0 ' ° 
77x10* 
1 2 * 1 0 * 
3 5 x 1 0 * 
6 8 x 1 0 * 
1 2 x i 0 ' ° 
31 xlO* 
6 8 x 1 0 ' ° 
3 2 x 1 0 * 
7 6 x 1 0 ' ° 





Table 3.2.S3A. Gamma-emitting radionuclides in Fucus veskulosm (Fu.ve.) and 
Fucus serratus (Fu.se.) outside the northern cooling-water intake at Ringhab 
(location 98, 2.3 km north of the outlet) in 1988. (Unit: Bqkg-'dry weight) 
0** '7 - 3 : » 3 25 i « 30« 
N * V *<.«« 20s : : : ;-:3 S3 200 2«s 
» w f u i t 190 2- 5 256 22C 198 25« 
»«M« Fuv« 38 »3 095A - H A 4 5 
F„»* 4 3 3 i 2 * 'C6A i « c 25 
FK«*.?uie - '30 062 057 I 13 ' 7 3 
"Co F„je 05B 
"Co F«.« 2« ' 84 UO 3 9 100 29 
Fuj« 33 -73 134 8 5 TI 7 42 
F« •«. Fuse 075 TOS 082 0 46 085 0 69 
«Co F„»e 57 5* » 18 3 40 49 
F u « 76 5T 53 4" 42 59 
Fwve.Fuje 075 : 05 072 044 095 083 
«7n Fu»« 7C - - - 5 3 -
F u j e 8? 55 5 0 A 2 9 * 2 3 * 
F u « . Fu tc 0 79 - - 0 53 
"°~Ao, Fu»e -
Fvit 3 * A 2 7 A - - : i 7 125 
Fu«e.*use -
nSB Fuve - - - 3 - A 
K s F „ « 22 25 22 "83 34 50 
F u « 2 9 T 45 2 3 : 50 3 : 3 4 
Fvvc/Fui« 0 76 173 0 97 ' 2 2 ' ' 2 ' 4 6 
'
TCs Furt 104 TI6 '07 8 6 '58 183 
Fuse 153 9 7 t - o 86 144 "6' 
Fuv*.fuse 066 120 097 i 00 '• '0 ' :3 
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•t 3 - « 2 9 9 l / n » l i W*jr S£ 
1Ja 
! i > 19- 216 23 2 
HO 228 215 » 2 231 
30 27 3 " 25 
2 6 2 0 2 8 105A l 18* 
i 17 132 T 10 - 2 ' ! 12« C155 9 
0 4 8 0 3 8 
47 45 40 47 
54 46 5C 40 35 
089 097 0 7- 134 CS6 C075 0 
32 29 30 - 43 
39 35 45 33 31 
0 82 0 84 0 67 - i 39 C 65 0 079 ' C 
1 5 9 175A -
066 0 '3 -
22A 26A 26A 
T 73 2 3A 3 2 2 IB 
1 28 120 - 132 ' 2 7 C 334 
4 i 3 4 3 0 - 2 8 
50 36 3 0 - 136 
082 095 100 - 2 0 120 0-30 10 
173 158 137 - 132 
20 3 '5 1 '6 7 2 5 8 2 
0 85 105 CS2 - I 6 - ! 04 COc' 
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TabU 3.2.S.3.B- Gcmma-emming radtenttchées in Fucus veskuk&us (Fu.vt. 
Fuaa serratus (Fu.se.) outside dm monhtrn cooling-waur intake at Rtngkols 
(hcatkm 98,2.3km northefdmetuiet) in 1989. (Unit: Bqkr'dry xongkt) 
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0 0 2 2 
0031 
-
0 1 0 4 
»i V t r 
1 X 3 ( 9 
10 IOC 
0 0 3 
IT o r 
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" S o F v « 158 - - - - 2 9 * -
K l F » « OH 1«: 146 21 23 30 31 i »' U ; 7« O K « 
Fut* I K 2 2 > • 2 7 2 5 31 2 5 174 i 19* - »2 14» 
Fu«c/Futt 050 074 077 O 7» 053 OK 124 109 I X : 43 064 OM 0091 'i 105 0065 29 
"Cl F„»« 79 15 »5 13T :-i 149 199 - ' 3 9 " 4 * • 90 
Fut* '13 122 106 136 139 191 153 2 0 * 1 2 4 35 : 2 91 
Fu«*.Fw w 070 069 06 ' 096 096 O 75 : 30 i "2 32 : "« 092 ''O O 2'8 "C C5? «f 
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Table 3.2.5-4A. Gemma gmmring nSommcliia in Fuaa vakmiosus (Fujoe.) ami 
Mytiha tenia (My.ed.) colltaedfnm tkt nonkern coohng-vrnmr intakt ckanmel at 
Rtmgkals in 1988 (location 95 (local), 2.5 km monk of At ovltt). (Unk: Bqkgr'diy 
vxigkt) 
Our » « • ! u a r i M » 2 9 V « , 2 J«™»- j m X * * } ; Sw3B N o I N x 3 0 M w n S t N 
N * > M«c« - . . . I«* i 7 f JTi 17» 
• M O T **** i»5 177 H I l i ] : » i T»5 »52 1*9 134 
SOW*! 
*•& H o 
"• • . K M 




















« • 33 K 3 »• » ' 2 : 55 
171 21 
0101 • 
135 t 0 
142 0 
oast o>i5 0<07 0005 3 
* » • * 10« H C7 73 K 





00170 0102 OHO 005« 3 
•*s 
3 3 4 
»2 ' Hit 155 »55 132 
"WO fv* 2f 2» 
• • > * , f »»» 3 3 * 
• « * » F . « 2 « * ' 7 * . * 
' • * - * J H f M 
W r M ' f u K 
7 0 S S t 
2 f 4 3 * 
4 0 2 0 « 
4 5 8 
04$ 0 4S 
"»SB f u « 
M y « « / F i x « 
75 70 ( 3 » 7 1C2 
1 1 0 * 0 1 
0 4 0 2 * • 
0 1 JO -
0*4 102 
• 1 3 0 * 
0103 0 27 0 U 7 0047 3 
•J'Cf M y « * 
M y c ø / F w i * 




45 4 7 
33 22 
0131 0 72 0194 0078 3 
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Table 3.2.5.4.B. Gamma-emitting radionuclides in Fucus vesiculosus (Fu.ve.) and 
Mytilus edulis (My.ed.) collected from the northern cooling-water intake channel at 
Ringhals in 1989 (location 95 (local). 1 5 km north of the outlet). (Unit: Bq kg~: dry 
weight) 
Date Jan2 Febl Mar l Mar30 May 1 June! June29 Aug31 Oct2 Nov! Nov30 Mean SE 
'983 
•fcdry Myed. 15.7 154 16.1 160 178 24 3 129 
maner Fuve 173 148 168 154 201 r: 7 179 
164 198 204 191 
200 196 188 193 




i n * . 239 205 204 177 183 179 181 216 229 222 266 
»«Mn Myed 
Fuve 
Myed/ Fu ve 
4 s A 
130A • 
3 7 2 6 
035 
3 4 72 43 86 84 59 
0 35 035 
"Co Myed 009 B 
Fu.ve 0 42B 
" C o Myed 4 6 2 8 61 152 103 122 161 30 136 93 6 4 
Fuve 63 37 33 24 14 4 113 61 71 86 74 89 
M v t d / F u v e 0073 0076 0188 0064 0072 0 107 0 26 043 0158 0126 0072 0 148 0034 11 0157 0026 17 
"Co Myed 74 5 4 186 33 28 2 8 27 186 26 153 7 9 
F ive 340 66 62 65 68 40 151 107 139 137 116 
M y e d / Fuve 0022 0081 030 0051 0041 0071 0180 0174 0186 1111 0068 0117 0 025 11 0.117 00 -6 20 
»Zn Myed 0 939 
M v e d / Fu ve 
3 9 24 A 
0 784 0 327 





M y e d / Fuve 
' ' >b Myed 
Fu.ve 
Myed/ Fu "e 
11 4 









14 1 A 
040 A 107 25A 98 48 28 8 3 
6 5 











*C$ Myed 067 088 08JA i.05 199 068 1.34A • 047A -
Fuve 41 3 6 36 62 8 4 4 5 52 30A 159A 197 A 168 A 
M y e d / F u v e 0163 0249 0229 0170 0142 0152 0255 - 0236 - 0 199 0017 8 0196 0016 11 
1 ]
'C t Myed 4 2 4 3 54 60 6 4 3 6 4 4 3.6 36 3 0 2 0 
Fuve 20 22 22 40 50 29 25 174 158 156 130 
My.ed/Fuve 0212 0191 0247 0151 0127 0122 0177 0210 0228 0195 0167 0 183 0012 11 0191 0011 20 
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Table 3.2.5.5. Ratios of activity concntrations in Fucus vesiculosa samples in the 
northern cooling-water channel at Ringhals (locations 95 and 99) to those just 
outside the channel (location 98). Mean values and S.E. for 1983 -1989 are given 
'Be *°K *>Mn "Co «°Co 
1983 279 = 063 092 = 003 2.43 = 058 237 = 069 167 = 016 
(n = 6) (n = 7) (n = 7) (n = 7) (n = 7) 
1984 336 = 032 099 = 004 1.91=0 17 181=017 203 = 028 
( n - 1 1 ) (n = 11) (n = 11) In = 11) In =11) 
1985 3.42 = 0.51 0.91=0.05 1.99 = 032 182 = 0.30 2.01=042 
(n = 7) In = 10) (n = 10) (n = 10) In = 10) 
1S66 367=1.07 099 = 0.08 245 = 0.27 230 = 0.43 197 = 022 
|n = 4) (n = 7) (n = 6) (n - 8) (n = 8) 
1987 084 = 008 236 = 049 230 = 042 232 = 027 
(n = 7) (n = 5) In = 7) In = 7) 
1988 477 = 082 099 = 008 2 6 1 = 0 5 0 184 = 033 236 = 039 
(n = 8) In = 8) (n - 6) In = 8) In = 8) 
1989 3.16 = 030 102 = 003 2.11=0.20 1.67 = 014 2.21=0.50 
(n = 11) (n = 1l) (n = 9) In = 11) In = 11) 
1983- 352 = 023 096 = 002 2.20 = 013 197 = 013 209 = 014 
1989 (n = 47) (n = 61) (n = 54) (n = 62) (n = 62) 
«5Zn '°3Ru "*Ru no^Ag '^Cs '3'Cs 
112 = 008 120 = 033 142 = 0 12 
(n = 7 ) (n = 5) n = 7) 
099 = 008 094 = 0.19 181=020 
(n= 11) (n = 2) (n = 11) 
1.05 = 0.14 1.12 = 0.14 169 = 0 12 
(n = 8) (n = 2) In = 10) 
089=0.10 3 38 = 064 2 56 = 033 1.38 = 020 1.99 = 019 2 71=048 
(n = 2) In = 4) (n = 3) (n = 3) (n = 4| (n = 81 
0 72 = 0.00 2 77 = 000 194 = 026 1 9 7 - 0 2 4 
In = 2) (n = 1) In = 61 In = 7) 
162 = 000 2.70 = 044 273 = 043 
(n = 1 ) in = 8) in = 8l 
0.97 = 000 172 = 013 232 = 030 2 18 = 028 
(n= 1) (n = 2) In = 11) In = 11) 
101=005 338 = 064 256 = 033 138 = 015 230 = 018 206 = 012 
(n = 31| In = 4! (n - 3) In = 161 In = 29) In - 62) 
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Table 3.2.5.8A. Gamma-emitting radionuclides in Fucus vesiculosus (Fu.ve.) and 
Fucus serratus (Fu.se.) collected at Stora Nåss, Varberg (SrOTN 12'11'E) in 1988. 
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Table 3.2.S.8.B. Gamma-emitting radionuclides in Fucus vesiculosus collected at 






























































































Table 3.2.5.9A. Repotted monthly liquid discharps from Barsebåck in 1988, 
(Sydkraft 1988) (Unit: Bq month-') 
Isotope Jan Feb March April May June July Aug Sepi Oct Nov Dec 
5'Cr 8.6* 107 1 3x109 1.3x108 54x108 1 1x108 5 1 x 1 0 s 3.1 x lO 8 3 7 x l 0 7 3 7x10 s 5 2x108 8 7 x l 0 7 4.6 > 10s 
5<Mn 3 7 X 1 0 7 7.2x108 1 0x10 s 3 5 x 1 0 s 28x10 s 2 3 x 1 0 s 7 6 x 1 0 s 1 8x10 s 2 8 > 1 0 8 2 4 x 1 0 s 7 5 x l 0 7 1 5*10« 
»Co 5 7 x 1 0 7 7 0 x 1 0 s dOx lO 7 2 8 x 1 0 s 99x10 7 13x10 s 1.5x10s 1.9x10s 6 4 x 1 0 s 5 9 x 1 0 s 2.0x10s 6 0 x 1 0 s 
5 9 fe 0 0 0 0 0 0 3 .5x10 ' 0 0 0 0 0 
«°Co 7.0x10s 2 8 x 1 0 9 3.6x10s 2 2 x l 0 9 12x10* 1.5x10s 4 0 x 1 0 s 1.0x109 1 .9x i0 9 4 3 x 1 0 9 8 8 x 1 0 s 1 3 x 1 0 * 
65Zn 0 9 7 x 1 0 7 0 0 2.5x107 0 3 2 x 1 0 7 0 0 4.8x107 0 0 
iiOmAg 0 0 0 0 0 0 0 0 0 0 0 0 
, 31 l 0 0 0 0 0 0 0 0 1 5x10 s 0 2.2x10 s 1 3 x i o » 
T34Cs 0 1.4x107 0 1.7x107 95x10« 3 1 x 1 0 7 0 0 2 5 x 1 0 7 1 7 x 1 0 7 0 0 
'
37Cs 87x10« 4 9 x 1 0 7 0 45X10 7 31x10 7 9.3x107 7 .6x l0 7 42x10 7 5 2 x 1 0 7 7 5 x l 0 7 2 . 2 x l 0 7 5 7 x l 0 7 
Table 3.2.5.9.B. Reported monthly liquid discharges from Barsebåck in 1989, 
(Sydkraft 1989) (Unit: Bq month-') 
Isotope Jan Feb March April May June July Aug Sept Oct Nov Dec 
*
1Cr 16x10 s 5.5x107 3 8 x 1 0 7 5 .5x l0 7 66x10 7 0 7 2x 10s 1 6x 10« 2 8x 10s 7.1 x 10s 8 4 x 10s 5 1 x 10* 
«Mn 9 .2x l0 7 2.7x107 7.2x10' 6 7 x 1 0 7 34x10 7 2 4 x 1 0 7 1 5 x 1 0 s 7 .0x l0 7 3 1 x 1 0 s 1 9 x 1 0 s 7 0 x 1 0 7 1.3x10s 
MCo 2.0X103 3.2x107 8.9x107 1 4 x 1 0 s 4 .9x l0 7 3.1x107 2 7 x 1 0 s 18x10 s 1 0 x l 0 9 3 4 x 1 0 s 1.5x10s 3 1 x 1 0 * 
»Fe 0 0 0 0 0 0 0 0 0 0 0 0 
«°Co 8.2x10s 2.6x10s 4.3x10s 5.1 x ios 23x10 s 1.6x10s 1.3x109 5 5 x 1 0 s 1 4x10 9 1 8 x l 0 9 4 .7x10 s 1 9 x 1 0 * 
e^Zn 8 6x10« 3 .6x l0 7 0 0 0 0 0 0 0 0 0 0 
"OmAg 0 0 0 1.7X10 7 54x10« 0 0 0 0 0 0 0 
'3'l 6 5 x 1 0 s 5 8 x 1 0 s 8.2x107 3.3>109 13x10 9 1 5 x 1 0 9 0 3 5 x 10s 8.5x 10s 1 3x 10s 2.7x 10s 3 7x10 s 
,3
*Cs 1.5xl07 53x10« 0 0 3 4 x 1 0 * 3 . 9 x 1 0 « 0 2 5 x 10' 1 8x 10s 5 1 x 107 2 4 * 107 6 3 * 10s 
137Cs 6.9x107 1.9x107 5.3x10« 4 4 x i 0 7 21 x107 95x10« 0 6 0 x 107 1.6x 10s 9.3x 107 3.2x 107 5.9x10s 
Table 3.2.S.10. Reported annual liquid discharges from Barsebåck 1975-1989, 
(Sydkraft 1975-1989) (Unit: Bqyear-') 
Isotope 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
»'Cr 1.2x10'° 1 7»10 '° 1 3x10 '° 3 2 . 1 0 ' ° 1 7x10'° 4 2 . 1 0 9 2 7 x 1 0 " 67x109 72x109 4 7 x 1 0 ' 6 6 « 1 0 ' 1 8x 10'° 1 5x 10'° 4 5 - 1 0 ' 34x10* 
" M n 5 6 x 1 0 ' 20x109 21 x 10» 39x109 T O x i C 17x10 9 20x109 33x1fJ9 27x109 3 7 x 1 0 ' 3 7 . 1 0 9 1 5* 10'° 5 0 x 109 3 4 . 1 0 ' 1 2 . 1 0 * 
»•Co 6 6 x 1 0 ' 2 6 « 1 0 ' ° 13x10 ' ° 3 4 . 1j '° 78x109 ; 2 x l 0 9 63x109 40x109 1 8 x 1 0 9 4 9 . 1 0 ' 2 6 x 1 0 ' 90x109 86x109 5 1 . 1 0 9 2 8 . 1 0 * 
»Fe 24x10« 9 3 ' 1 0 ' 15x10« 12x10« 13x10« 55x10« 7 8 x 1 0 ' 11 .109 1 1 . 1 0 « 3 5 - 1 0 ' 0 
»Co 26x10« 14x10 ' ° 2 8 x 1 0 ' ° 54x10 ' ° 22x10 ' ° 37x10 ' ° 43x10 ' ° 7.3x10'° 4 9 x 1 0 ' ° 50«10 ' ° 4 2 . 1 0 ' ° 9 6 . 1 0 ' ° 3.2x10'° 2 2 . 1 0 ' C 9 8 » 1 0 ? 
*Zn 3 7 x 1 0 ' 3 ' x 1 0 » 70x109 1 Ox 10'° 5 5x 10« 5 8 . 1 0 9 55x109 77x109 26x109 12x109 7 5 . 1 0 « 2 2 . 1 0 ' 26x10« 2 0 . 1 0 s 4 5 - 1 0 " 
"°
mAg 0 2 2 . 1 0 ' 1.8x109 3 6 ' 1 0 9 86x10« 2 9 . 1 0 « 24x10« 13x10« 3 8 x 1 0 ' 5 7 x 1 0 ' 0 1 3 . 1 0 ' 94x10« 0 2 2 - 1 0 " 
'J'l 7 5 . 1 0 « 2 2 . 1 0 « 3 7 . 1 0 ' 1 2 . 1 0 « 7 5 . 1 0 ' 1 7 - 1 0 ' 9 4 - 1 0 ' 
' *Cs 0 0 4 6 . 1 0 ' 19« 10'° 6 5 x 1 0 ' 4 0 . 1 0 ' 47»irje i j . i o ' 16x10" i t - 1 0 " 9 4 - 1 0 * 
'3'Cs 0 0 6.5x10« 19x10 ' 0 0 61»10» 2 6 .10 ' ° 1 2 . 1 0 ' ° 9 2 - 1 0 ' 1 9 - 1 0 ' 51x109 4.6« 10« 5 5 • 10* 1 1 - 1 0 ' 
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Table 3.2.5.11A. Gamma-emitting radionuclides in Fucus vesiculosa* collected at 
Banebock, location 25 (55a48WN 12S54'45E) in 1988. (Unit: Bq kg-1 dry weight) 
Date 
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» C o 
»CO 
« Z n 
131| 
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Table 3.2.5.1 LB. Gamma-emitting radionuclides in Fucus vesiculosus collected at 













1 3 7 C s 
'Location 
Jan 3 Feb 2 

































































June2 June30 July31 Sep! 
16.0 198 
9 9 108 
107 10.1 
1.6 A 2 4 
87 69 
-
2 3B 4 7 
-
























































Table 3.2.5.13IA. Gamma-emitting radionuclides in Fucus vesiculosus collected at 
Limhamn (55°35'N12°SS'E) in 1988. (Unit: Bq kg-' dry weight) 
Date Feb 2 Mar 2 Mar 30 May 2 June 2 July 1 Aug 2 Sep 1 Sep 30 Nov 1 Dec 
% dry matter 17.7 17.0 16.3 14.5 13 6 16.9 21 6 16.0 19.9 19-4 17 6 
S«Mn - - - - 0.8 A 0.7 A 1.52 - 1.3 A 09 
eoCo 4.3 3.0 2.1 2.5 1.80 1.41 2.2 2.3 3.3 3.3 3 3 
"OmAg . . . . . . 3.0A 
*3i| - 53 
134Cs 10.3 11.2 8.5 12.8 14.0 15.1 10.5 12.5 8.9 8.6 7 4 
137Cs 36 39 32 50 53 58 40 49 39 38 32 
Table 3.2.S.13.B. Gamma-emitting radionuclides in Fucus vesiculosus collected at 
Limhamn (5S°35'N 12°55'E) in 1989. (Unit: Bq kg-1 dry weight) 
Date Jani Feb2 Mar2 Mar31 May2 June2 June30 July31 Sep9 Oct3 Nov2 Dec 1 
% dry matter 16.9 15.5 14.7 15.7 12.5 16 9 16.6 18.4 19.8 21.1 19 3 16-6 
5<Mn 0.8 B -
eoCo 3.5 2.7 2.0 
'3'l 2.2A -
134Cs 7.0 5.7 6.5 
13?Cs 29 28 31 
0.4 B -
2.7 1.49 1.22 -
7.0 9.7 12.1 11.7 
35 51 61 59 
1.36 1.38 1.36 141 1.20 
2.0A -
7.3 7.0 6.1 4.6 5.7 
37 38 35 29 34 
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4. Fallout Nuclides in Abiotic Samples 
by A. Aarkrog and Heinz Hansen 
4.1. Air 
Air samples are collected at Risø and at Rønne, Bornholm. Weekly samples 
are measured by Ge--y-spectroscopy and ^ Sr is determined in annual aliquots. 
The sampling equipment is described in Risø Report No. 421 (Risø Reports 
1957-1989). 
Figure 4.1.1 shows how the wSr concentrations have varied in Risø air since 
sampling began in 1957. The level in 1989 (0.07 \i.Bq nr3) is so far the lowest 
observed. 
Table 4.1.2.2 summarizes the 137Cs air concentrations throughout the years. 
Since Chernobyl the decrease in concentrations has become slower with time. 
Tables 4.1.2.1 (A & B) suggest a spnng peak around March-May. From Fig-
ures 4.1.2.1 and 4.1.2.2 it appears, however, that the peak is not very promi-
nent. It is thus an open question whether there actually is a stratospheric 
component of the Chernobyl fallout or whether all measured Chernobyl 137Cs 
in air and precipitation now is due to resuspension. 
Figure 4.1.2.4 shows how the resuspension factor for Chernobyl I37Cs in 
Denmark has decreased with time. A power function seems to give the best fit 
to the observations. 
The 137Cs concentrations in air at Riso are about V* of those measured at 
Bornholm. We believe this is due to a higher local and perhaps regional (from 
Eastern Europe) resuspension at Bornholm. 
At a few occasions shorter-lived ^-emitters from unknown sources have-
been detected (Table 4.1.3), but the concentrations have been very low. 
4.2. Precipitation 
Precipitation is collected monthly from the ten »State experimental farms« 
(Figure 4.2) and from Risø (Figure 3.1.1). The samples are combined to bi-
monthly samples before analysis for wSr and radiocesium. 
Since 1987 the *>Sr deposition in Denmark has decreased with a halflife of 
about 1.4 year while 137Cs has decayed with 0.4 year halflife. Most of the 137Cs 
is from Chernobyl while *°Sr preferentially comes from global fallout. Local 
resuspension plays an important role as a source for the 137Cs deposit. We still 
notice a relationship between the original Chernobyl fallout and the deposi-
tions in 1988 and 1989 at the various State experimental farms {Aarkrog 1988, 
Aarkrog 1989). 
Since 1982 (Riso Reports 1957-1989) the wSr deposition at Tornbygård, 
Bornholm, has been about twice that of the country mean and the concentra-
tion in rain has been nearly 3 times higher. However, prior to 1982 and in the 
»Chernobyl year«, 1986, Bornholm did not differ markedly from the country 
mean. We believe that Bornholm has an enhanced resuspension of MSr fallout 
compared to the remaining part of the country. The contribution from this 
resuspension to the activity in rain will only be observable when the fallout 
rate is low, i.e. about 2-3 Bq wSr nr2. This was the case in 1982-1985 and again 
since 1987. Before Chernobyl we have no systematic measurements of ,37Cs in 
precipitation from Bornholm, however, the observations since 1986 indicate 
that also 137Cs shows higher concentrations in rain water from Born-
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holm than from the remaining part of Denmark. In order to examine whether 
the difference was connected to special local conditions at Tornbygård, we 
began sampling in 1989 at another location at Bornholm, Nexø situated in the 
eastern part of the island (Tornbygård is to the west). It appears from Tables 
4.2.1.1.B and 4.2.1.2.B that the ^Sr levels at Nexø were compatible with those 
in the remaining part of Denmark but a factor of 2.7 times lower than those at 
Tornbygård. 
Tables 4.2.2.1.B and 4.2.2.2.B show that the ,37Cs levels at Nexø also were 
lower than those at Tornbygård, but only by a factor of 1.5. We conclude that 
Tornbygård shows an anomaly with enhanced resuspension in particular of 
old global fallout C°Sr and 137Cs ?). The phenomenon was also discussed in 
the previous report Riso-R-563, p. 34 (Risø Reports 1957-1989). 
The washout ratio (Bq m-3 rain/u.Bq nr.-3 air) calculated from monthly ,37Cs 
values at Risø (Tables 4.1.2.LA & B and Tables 4.2.2.5.A & B) was 3.4 ±2.4 (1 
S.D.; n = 12) in F88 and 5.0 i 5.0 in 1989, in 1987 we found 6.5. 
Table 4.2.5 shows a retrospective study of 137Cs and 3H in precipitation 
collected since 1963 at Funen. Compared with measured ^Sr levels at Blang-
stedgård throughout the years the I37Cs levels may be a little too high probab-
ly due to evaporation during the storage. The geometric mean of ,37Cs/90Sr 
was 2.4, the expected value is 1.6-1.7. 
4.3. Fresh Water 
4.3.1. Ground Water 
The collection of ground water takes place annually from nine selected loca-
tions (Figure 4.3.1.1). The median 90Sr concentrations since 1961 appear in 
Figure 4.3.1.2, and those from the outlier location: Feldbak in Figure 4.3.1.3. 
The concentrations of 137Cs in Feldbak ground water were 0.14 Bq nr3 in 
1988 and 0.06 (B) in 1989. This demonstrates how efficiently ground water is 
protected against 137Cs contamination, even at a location with a high transfer 
of*>Sr. 
4.3.2. Lakes and Streams 
The sampling location for lake and stream water are shown in Figure 4.3.2.1 
Since 1986 Chernobyl ,37Cs have been measured along with 5uSr. In the 
period 1987-1990 the 137Cs concentrations in lake water have shown an effec-
tive halflife of 2.7 years and those in streams have decreased with 1.8 years 
halflife. The corresponding halflives of 90Sr were 3.5 and 4.1 years, respective-
ly. 
4.3.3. Drinking Water 
Potable water was collected from the towns used for total diet sampling (cf. 
Section 5.7) in June 1989. The 9°Sr concentrations were half of those in 1987, 
while rhe ,37Cs levels were nearly twice as high in 1989 as in 1987, which may 
indicate a delay in me penetration of Chernobyl 137Cs to the ground water. 
4.4. Sea Water 
Since 1962 samples of surface -ind bottom sea water have routinely been 
collected around Zealand summer and winter (Figure 4.4.3). 
The 90Sr and the l37Cs concentrations throughout the years are shown in 
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Figures 4.4.1 and 4.4.2, respectively. 
Since Cernobyl the Baltic Sea has been the main source to the ,J7Cs conta-
mination of Danish waters. The percentage of Chernobyl 137Cs increased in 
the inner waters from 1988 to 1989 by a factor of 1.03 ± 0.02 (± 1 S.D.; n = 6) 
(cf. Table 4.4.3 and Figure 4.4.4), although the total I37Cs concentrations 
decreased from 1988 to 1989 (cf. Figures 4.4.9 and 4.4.10). 
The "Tc measurements (Figures 4.4.5-4.4.10) illustrate that "Tc enters the 
Danish inner waters from the North Sea by the Jutland Current. 
4.5. Soil 
South-East Jutland (Figure 4.5.4) received the highest amounts of Chernobyl 
radiocesium. The samplings from 1986 (Risø Reports 1957-1989) were repeated 
in 1988 and the samples were measured for radiocesium as untreated raw 
samples and as treated samples (drying, crushing, blending and sifting with 
removal of stones). The mean ratio between l37Cs in treated and untreated 
samples (Table 4.5.1) was: 0.95 ± 0.05 (± 1 S.D.; n = 20). The corresponding 
ratio for 1}4Cs was 0.89±0.14 (±1 S.D.; n = 17). Hence minor amounts of 
radiocesium may adhere to the discarded stones. 
A soil sampling of uncultivated soils at the 10 State experimental farms was 
carried out in September 1989 (Table 4.5.2). A similar sampling took place in 
1987. The mean ratio between 1989 and 1987 (Bq ,}7Cs nr2,0-30 cm) for the 10 
locations was: 1.31 ±0.29 (±1 S.D.; n = 10) and for 134Cs (decay corrected to 
26 April 1986) 0-10 cm we found 1.00 ± 0.22 (± 1 S.D.; n = 10). Hence it was 
not possible to ascertain any field loss (runoff etc.) of radiocesium from 
uncultivated soils from 1987 to 1989 (cf. Figures 4.5.1 and 4.5.2). 
In order to investigate the importance of windbreak for the deposition and 
resuspension of radiocesium two experimental soil samplings were carried out 
after an idea of Marianne Wichman, FOA 4, Umea, Sweden (Figure 4.5.3 and 
Table 4.5.3). 
The Tågerup station did not differ very much with the distance from the 
windbreak. The highest Chernobyl values were observed at a distance of 10 
times the height of the hedge. At Nustrup in South Jutland, where the Cher-
nobyl fallout was nearly 20 times higher, the highest Chernobyl levels were 
observed at a distance of 6 times the height of the hedge. At longer distances 
the deposition decreased markedly. With regard to global fallout the 
maximum in the 0-5 cm layer occurred at a distance of 10 times the height of 
the hedge. These results are difficult to interpret and further studies are 
needed in order to explain the significance of windbreaks for the deposition 
and resuspension of fallout. 
Tables 4.5.4 and 4.5.5 show the ^ Sr levels in Danish soils collected in 1987. 
Compared with the theoretical mean deposit in Denmark by 1987: 1555 Bq 
wSi nr2 (Appendix D2) the mean measured inventory to a depth of 30 cm is 
low by a factor of two. Hence ^Sr has penetrated to greater depth or - as 
suggested from the data from St. Jyndevad in Table 4.5.5 - may have disap-
peared with runoff. 
4.6. Marine Sediments 
As previously sediments have been collected by the HAPS sampler off Risø in 
1988 and in 1989. The variation from year to year has been great. The contri-
bution from Chernobyl 137Cs to total 137Cs has varied between 14 and 44%. 
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Table 4. Geometric m*ans of Strontium-90 and Cesium-137 levels in Danish environmental 
abtotic samples collected in 1988 and 1989 





Air at Rise, iiBq rrr3 
Air at Bornholm, iiBq m-3 
Countrywide deposition with rain, Bq nr* 
Countrywide rain samples, Bq m-J 
Countrywide stream water, Bq o r ' 
Countrywide lake water, Bq nr ' 
Cou&irywide (round water, Bq m_} 
Countrywide drinking water, Bq nrJ 
Su&ce sea water around Zealand, Bq m-} 
Bottom sea water around Zealand, Bq nr* 
Baltic Sea witer (Bornholm), Bq m-J 

















































Table 4.1.1.1. Strontium-90 in air collected at Risø in 1988 and 1989. 
(Unit: tkBqnr3) 





TabU 4.1.1.2. Strontium-90 in air collected at Bornholm in 1988andl989. 
(Unit: \i£q nr3) 
Year Big sampler, glass 
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Table 4J.2JA. Cesium-137 in air collected in glass-fibre fibers by the hage air 














1988: Geometric mean 
1988: Arithmetic mean 
Riso 




3.94 ± 3 65 
2.54 ±1.20 































4 94 ±4.49 
2.18±1.04 
















Table 4.1.2.1.B. Cesium-137 in air collected in glass-fibre filters by the large air 














1989: Geometric mean 
1989: Arithmetic mean 
Risø 
1.21 ±0.73 
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Fig. 4.1.2.1A. Cesium-137 in air collided at Risø, Denmark in 1988. 
Fig. 4.1.2J.B. Cesium-137 in ancollected at Risø, Denmark in 1989. 







Fig. 4J.2.2A. Cesium-137 in air collected at Bonkolm, Denmark in 1988 
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Fig. 4.1.2.3. Cesium-137 in air collected at Risø, Denmark. 1958-1989. 
Fig. 4.1.2.4. Cesium-137 resuspension factors after Chernobyl, July 1986 - March 
1990 (quarterly values). RF = 1.4 x 10-5 D~126. 
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Table 4.1.2.2. Cesium-137 in air collected at Risø 1958-1989. 




































































































Table 4.1.3. y-emitters in air collected on glass-fibre filters in Denmark in 
(Unit: \t£q m-3) 
Period Risø Bornholm 
Jan25-Feb2 1.2 95Nb 
0.5 B n°"Ag 
Feb 22-29 - 12106Ru 
March 28-April 5 0.45 A 95Nb 
Ortrvio 0.42 A 60Co 




O 200 400 600 800 1.000 
Days since 7 May 1986 
Fig. 4.1.2.5. Cesium-137 resuspension factors after Chernobyl. 
July 1986-December 1987:RF = 5.5 x 10-* e-°o<H4 D 
Jan 1988 - March 1990: RF = 1.3 x 1(H e-oooiSD 
1.200 1,400 
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Fig. 4.2. State experimental farms in Denmark. 
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Table 4.2.1.LB. Strontium-90 fallout in Denmark in 1989. (Unit: Bq m~3) 































































































































Table 4.2.1.2A. Stromium-90 fallout in Denmark in 1988. (Unit: Bq m-2). 
























































































































Table 4.2.1.2.B. Strontium-90 fallout in Denmark in 1989. (Unit: Bq nr2) 
Location mm Jan-Feb March-April May-June July-Aug Sept-Oct Nov-Dec 1989 
Tylstrup 580 0.037 0.049 0.138 0.102 0.059 0 034 0 42 
Kalø 473 0.045 0.035 A 0104 0.120 0 04a 0.010 B 0 36 
Borris 716 0 040 A 0.061 0 080 0.078 0.080 0 022 A 0 36 
Askov 634 0.120 0.098 0.24 0.080 0.036 0 046 0 62 
St. Jyndevad 636 0.039 0.040 0.071 0.087 0.025 0 036 0.30 
Aarslev 516 0.080 0.064 0.078 0.109 0.047 0 049 0 43 
Tystofte 434 0.032 0.053 0.071 0.108 0.024 A 0.014 A 0 30 
Ledreborg 444 0.020 A 0.082 0025 A 0.084 0 074 0.055 0 34 








































Table 4.2.1.3 A. Analysis of variance of In Bq wSr nr3 precipitation, 
January-December1988 (from Table 4.2.1.1 A) 
Variation SSD 
Between months 7.424 














> 99.5 % 
> 99.95% 
Table 4.2.1.4A. Analysis of variance of In Bq wSr m~2 precipitation, 
January-December 1988 (from Table 4.2.1.2A) 
Variation SSD f s: 2 
Between months 8.933 5 0.993 3875 > 99.5% 
Between locations 6.495 9 1.299 5.072 > 99.9% 
Remainder 11.015 43 0.256 
Table 4.2.1.3.B. Analysis of variance of In Bq w 5 r m~3 precipitation, 























Table 4.2.1.4.B. Analysis of variance of In Bq ^Sr m~2 precipitation, 
January-December 1989 (from Table 4.2.1.2.B) 
Variation SSD 
Between months 10.876 















> 99.5 % 
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Table 4.2.1.5A. Strontium-90 in precipitation collected at Rise in 1988 
Month 10 m2 ion exchange sampler 
Bq rrr2 Bq rrr3 
Eight rain bottles total area: 0.23 m2 













































1988 2 0.113 x : 0 ? 1 2 0.25 
(528 mm) (weighted mean) (636 mm) 
x: 0.40 
(weighted mean) 
Table 4.2.1.S3. Strontium-90 in precipitation collected at Risø in 1989 
10 m2 ion exchange sampler 
Month Bq m- Bqm -3 
Eight rain bottles total area: 0.23 m2 































i) (weighted mean 
1989 2 0.103 x:0.27 
(380 mm) (weighted mean) 
1989 
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Table 4.2.2.1.B. Cesium-137 in precipitation in Denmark in 1989. (Unit: Bq nr3) 



































































































































































































































Table 4.2.2.2.B. Cesium-137 deposition with precipitation in Denmark in 1989. 
(Unit: Bq m-2) 












































































































Table 4.2.23A. Analysis of variance of In Bq l37Cs nr3 precipitation, 
January-December 1988(from Table4.22.1 A) 
Variation SSD 
Between months 11.924 
Between locations 39.222 
Remainder 7.497 
Table 4.2.2.4A. Analysis of variance of In Bq l37Cs nr2 precipitation, 














> 99 95% 
Variation SSD 
Between months 5.476 
















Table 4.2.2.3.B. Analysis of variance of In Bq >37Cs mr3 precipitation, 
January-December 1989 (from Table 4.2.2.1.B) 
Variation SSD f s2 v2 P 
Between months 7.263 4 1.816 6.315 > 99.5 % 
Between locations 27.635 9 3.071 10 678 > 99.95% 
Remainder 10.352 36 0 288 
Table 4.2.2.4.B. Analysis of variance of In Bq l37Cs m-2 precipitation, 
January-December 1989 (from Table 4.2.2.2.B) 
Variation SSD f s2 v2 P 
Between months 1.436 4 0.359 2.220 
Between locations 28.956 9 3.217 19.888 > 99.95% 
Remainder 5.824 36 0.162 
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Table 4.2.2.5A. Radiocesium in precipitation collected in the 10 m1 ion exchanger 






























































































Table 4.2.2.5.B. Radiocesium in precipitation collected in the 10 m2 ion exchanger 










































4 8 0.181 
1.41 0.21 
5.8 0.109 A 
2.8 0.173 
4.7 0.152 A 
4.1 0.152 A 
x:4.1 
(weighted mean) 
































Tablt 4.2.3A. Tritium m pnctpuanon collected at Ris* in 1988 
1 rrr rain collector 10 m2 rain collector 
Month mm 

















































































The error term is 1 S.E. of the mean of double determinations 
"Triple determinations. 
• Table 4.2.3.B. Tritium in precipitation collected at Risø in 1989 
1 m2 rain collector 10 m2 rain collector 
Month mm 

























































7 .4 *03 
6.0 ±0.0 
5.7*0.5 



















2 3 4 
(weighted mean) 
The error term is 1 S.E. of the mean of double determinations. 
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2 5 i 0.3« 
1 8 ± 0.1 
2 2 * 0 0 
2 9 ± 0 1 
3 7*0.2 
4 1 ±0.1 
2 8 * 0 . 1 
2 9*0 .0 
1 7*0.3 





The error term is 1 S.E. of the 
•Triple determinations 
Jyndevad 
2 1 * 0 3 
1 5 * 0 1 
1 .9 *01 
4 3 * 0 0 
2 5 * 0 2 
-
2.4 ±0.3 
2 . 6 * 0 1 
1 .6 *01 
1.7*0 0 





2 .2 *0 3 
3 2 * 0 1 
2 4 * 0 0 
3 5 * 0 1 
4 6 ± 0 3 
4.0*0.1 
3 .6±01 
3 5*0 .2 
2 5 ± 0 2 
2 7 * 0 3 
3 4 *0 .1 
2 5 * 0 1 
3.1 
3 2 
mean of double determinations. 
































































The error term is 1 S.E. of the mean of triple determinations 
•The error term is 1 S.E. of the mean of double determina-
tions 
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8°E 9°E 10°E 11°E 12°E 13°E 
Fig. 4.3.1.1. Ground water sampling locations in Denmark. 
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A sample of ground water from Maglekilde in Roskilde contained 
1.62 Bq 9°Sr m-3, 4.8 ±0.1 kBq 3H m-3, and 0.22 kg Ca m-3. 
•Feldbak was not included in the geometric and arithmetic 
means. 
The error term is 1 S.E. of the mean of double determinations. 




































































A sample of ground water from Maglekilde in Roskilde contained 
1.33 Bq 9°Sr m-3, 3.5 ± 0.7 kBq 3H m-3, and 0.169 kg Ca m-3. 
*Feldbak was not included in the geometric and arithmetic 
means. 
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Fig. 4.3.1.2. Median 9°Sr levels in Danish groundwater, 1961-1989. 











Fig. 4.3.2.1. Sample locations for fresh water from Danish streams (å) and lakes 
(sø). 
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1988: Geometric mean 
S.E. (factor) 
1988: Arithmetic mean 
S.E. 

















Table 4.3.2.I.B. Strontium-90, Cesium-137 and Tritium in Danish stream water 
collected in March 1989 































































The error term is 1 S.E. of the mean of triple determinations. 
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Table 4.3.2.2.B. Strontium-90 and Radiocesium in Danish lake water collected in 
March 1989 







































































Table 4.3.3J.B. Strontium-90, Cesium-137 and Tritium in drinking rooter collected 
in June 1989 
Zone Bq 9°Sr m-3 kg Ca m-3 Bq ' 37cs m-3 kBq 3H m-3 
I: N.Jutland 0.66 0.076 2.6*0.2 
II: E.Jutland 0.058 A 0.090
 n fi 2.1 ±0.0 
III: W.Jutland 1.19 0.059 1.4 ±0.4 
IV: S.Jutland 0.042 0.092 1.5 ±0.0 
V: Funen 0.123 0.111 1.8 ±0.2 
VI: Zealand 0.090 0.102
 n f m . 1.9 ±0.1 
VII: Lolland-Falster 0.067 A 0.093 0.9±0.3 
VIII: Bornholm 0.40 0.088 1.8 ±0.0 
Geometric mean 
Arithmetic mean 





















Fig. 4.3.2.2. Strontium-90 concentrations (±1 S.E.) in 8 Danish streams and 8 
Danish lakes, collected since 1971. 
Fig. 4.4.1. Strontium-90 in surface sea water from inner Danish waters, 1962-1989. 
(1S.D. indicated) (from Tables 4.4.1 A andBand4.4.2A andB). 




Table 4.4.1 A. Radionuclides in sea water collected around Zealand in Max 1988 
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3 9 - :05 
16 = 02 
5 7 ; 
3 0 -
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Mean Surface 194 95 0 27 5 1 10 6 
SD 09 11 002 10 29 '7 
SE 05 3 001 06 08 5 
Mean Bottom 113 59 0175 3 5 25 2 43 
SO 27 25 007 2 1 102 34 
SE 1.9 7 002 12 29 10 
The error term is 1 S E of the mean of double determinations 
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Bq' l 'Csir i l 
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Mean Surface 158 85 0 139 C 79 12 1 BO 
SO 22 11 0015 3 1 14 
SE I I 3 0004 09 4 
Mean Bot'om 13 5 45 0134 167 25 8 36 
S.D. 24 28 0058 030 91 33 
SE 10 8 0017 0 17 26 10 
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1 9 : 
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: 0 1 
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: 0 3 




















































Mean Surface 16 2 70 0 21 3 7 181 62 
SO 15 16 0 02 11 5 6 20 
SE 10 5 0 01 06 16 6 
Mean Bottom 94 63 0194 3 5 210 52 
SO. 3 7 19 0 02 16 6 8 22 
SE 26 6 001 09 2 1 7 







1970 1975 I960 1985 1990 
YEAR 
1995 
Fig. 4.4.2. Cesium-137 in surface and bottom tamer collected in inner Danish waters 
1972-1989. 
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Table 4.4.2.B. Radionuclides in sea vater collected around Zealand in November 1989 
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1 4 g 
Mean Surface 159 76 0 171 14 5 72 
SO 15 12 0010 37 13 
SE 08 3 0003 11 4 
M«»n Bottom 120 48 0 135 23 9 40 
SO 15 25 0043 89 28 





















































0 5 10 15 20 25 30 35 40 
Salinity in o/oo 
Fig. 4.4.4. Percentage of Cs-137 from Chernobyl related to salinity in sea water 
samples collected in inner Danish waters (figures in brackets collected in the North 
Sea) in 1988 and 1989 (monthly samples from 6 stations). 
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Table 4.4.3. Radionuclides in sea water collected in the Danish Straits, North Sea, and Baltic Sea in 1988 and 1989 
Location 
cruise 
Year Date Position Oepth »Sr æTc 
















































Klintholm 1988 Jan 13 












































































































% Chernobyl 95 = 5. n = 121:= 1 S.D.) 
Halskov 1988 Jan 14 
" Feb 16 
March 15 
" Apr 13 
May 17 
June 14 
" July 15 
Aug 15 
Sep 20 
" Oct 13 
" Nov 16 
" Dec 21 




































3.2 = 0 5 
4.8 = 0 2 
5.0 = 0 0 
3.5 = 01 













, Chernobyl: 85 = 7; n = 121= 1 S.D.) 
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Table 4.4.3. (continued) 
Location/ 
cruise 
Year Date Position 
N EorW 
Depth »Sr »Tc 
in m Bq m-3 Bq m-3 














, 3 4Cs 









































Halskov 1989 Jan 12 























% Chernobyl: 90 = 7: n = 12(= 1 S.D.) 































































































































































.Chernobyl: 84 = 8; n = 12(= 1 S.D.) 
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Position Depth 9°Sr »Tc 
N E o r W in m Bq rrr3 Bqm-3 





































































0 097 A 
























































































% Chernobyl: 95 = 6; n = 12( = 1 S.D.) 













' July 17 
Aug 14 


























































% Chernobyl: 96 = 4; n = 11 ( = 1 S.D.) 






























































































































































































































































































































































114 4 4 = 
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- ~ o i - - 1 C !37Cs 














































































































4 1 = 0 4 
3 5 = 01 
7 0 = 0 1 
27 = 04 
22 = 04 
22 = 0 t 
27 = 02 
6 4 = 04 
3 6 = 0 1 
4 2 = 03 
22 = 05 
3 8 = 03 
4 2 = 04 















































































































































































































































































































































































































































































0 056 A 
0 105 A 
0 058 A 
0 092 A 
0 067 A 












4 8 A 
20 
199 











6 7 A 
6 1 A 
6 7 A 
4 7 A 
81 A 
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Jam 7 50*14" 01'29"W 0 
Jan 17 50*04" 04*09W 0 
Jan 20 51*00" OS^WW 0 
1988 Jan 21 
Jan 22 




1988 Jan 28 
Jan 30 
" Jan 31 
- Feb 2 
1988 Oct 2 
- Oct 30 
Nov 26 
" Dec 30 








" Oct 3 
Nov 3 
" Decl 
" Dec 25 
1938 Oct 31 
" Nov 29 
1989 March 28 
" May2 
May 16 
" July 10 
Sep 3 
Sep 29 










saw O6soow o 
58*45" 03'30-W 0 
58*00" 01=59E 0 
5T2T 0V24E 0 
0122 
3 0 

































































































































































St 1013/DMU 1989 
St 1005/DMU 1989 
































































































































































































m-3 Bq rrr3 
1 4 2 
1 4 2 
0 6 0 
0 9 8 
0 55 
1 0 8 
0 7 3 
0 9 6 
0 4 4 
0 79 
0 45 
0 7 5 
0 4 9 
0 5 1 
0 43 
0 0 9 8 
0 4 8 
0 3 1 
0 78 
1 6 2 
0 4 8 
1 0 9 
0 3 4 
0 6 2 
1 5 3 
0 4 6 
0 9 5 
0 70 
0 9 1 
0 5 2 
0 57 
0 3 9 
0 3 8 
0 3 2 
0 2 1 
0 2 5 
0 2 3 
0 2 9 
0 1 0 3 
0 2 5 
0 3 9 
0 082 A 
2 1 
0 0 9 7 A 
0 6 0 
1 5 3 




*Cs C^-S^-Oby1 >r* S3 , ,"'ty 
'3'Cs '3'Cs kBq 
tiqrrr3 





1 6 6 
3 3 8 
1 7 0 
3 4 1 
16 7 
3 3 6 
16 1 
3 3 1 
1 9 2 
32 7 
2 0 8 
2 5 1 
22 5 
3 3 5 
23 7 
28 5 
1 4 3 









2 9 8 















Table 4.4.3. (continued) 
Location/ Year Date Position Depth *>Sr »Tc '37Cs :3<Cs Chernobyl *H Sahnny 
crutse N EorWV >n rn 8q m 3 Bqnv3 3 ( j m J '37Cs '37Cs *3q m -3 *'„ 
Bqm-3 
St 905/OMU 1989 
" 
St 1019/DMU 1989 
St 1022/DMU 1989 
St 1024/DMU 1989 
St 1027/OMU 1989 
St 1041/OMU 1989 
St 1043-DMU 1989 
St 1046VDMU 1989 
St 1059/DMU 1989 
St 1061/DMU 1989 
St 1064Æ>MU 1989 
St 1131/DMU 1989 






















































































































The error term is l S.E of the mean of double determmationations 
'Triple determinations 
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 ° * Te - 99 
Bq m"3 
t f »F/S GAUSS Jan. 1988 
*R/V DANA Jan.-Feb. 1988 
_ i — i — i i i • « » i 
4°W 2°W V> 2°E 4°E 6°E 8°E 10°E 









2°W KPE 12«E 
Fig. 4.4.6. Technetium-99 in surface sea mater collected in 1988. (Unit: Bq nr3). 
80 Riso-R-570 
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Fig. 4.4.8. Technetium-99 in surface sea water from the German Bight 1988-1989. 
(Unit: Bq w3). 
Borkum Rijf: 53°48'N, 06"22'E and Elbe 1:54°00'N, 08°07'E. 
Fig. 4.4.9. Technetium-99 in sea aaer collected in 1989. (Unit: Bq mr3). 
St. 413/DMU: 56°40'N, 12°07'E 
St. 92SIDMU: S6°08'N, WIO'E 
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Fig. 4.4.10. Technetium-99 in sea water and Fucoids from the shore at Klint: 
SS°58'N, W35'E in 1988-1989. 
Fig. 4.5.1. Mean 137Cs deposition (global fallout only) (± 1 S.E.) in Danish 
uncultivated soils (0-30 cm layer) collected at Tylstrup, Askov, St. Jyndevad, Ty-
stofte, Ledreborg and Abed in 1975, 1987 and 1989, compared with the theoretical 
decay of^Cs since 1975 (tVz = 30.5 y). 
1975 1980 1985 1990 
YEAR 
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Table 4.5.1. Radiocesium in uncultivated soil collected in South-Jutland October, 
18,1988. (Unit: Bq m-2). (WCsVCs) 
i ii Chernobyl 137Cs*-
Location 0-5 err. 0-5 cm 0-10 cm 10-20 cm 0-20 cm I II I 
0-5 cm 0-5 cm 0-10crr. 10-20 cm 0-20 err. 
Hokkerup untreated 3816 2605 4023 1470 5473 3599 2255 3031 3031 
(0 239) (0 220) (0 191) 
treated 3825 2685 3588 1426 5014 3551 1628 2723 113 2836 





























































(0 230) (0.224) (0197) 
treated 2124 1905 2622 
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1966 1987 1988 
YEAR 
1969 1990 
Fig. 4.5.2. Chernobyl l37Cs (±1 S.E.) in Danish uncultivated soil collected at the 10 
State experimental farms 1986,1987 and 1989, compared with the theoretical decay 
ofmCs since September 1986 (t'/z = 30.5yr). 
Fig. 4.5.3. The relative deposition of n7Cs (Bq m~2) in the 0-5 cm soil layer at 
Nustrup in S-Julland and Tågerup in Zealand from global fallout and from Cher-
nobyl in 1989, as a function of distance from the hedge. The distance is given in units 

















Nustrup Nur'rup Tagerup Tågerup 
global fallout Chernobyl global fallout Chernobyl 
5 10 


















Fig. 4.5.4. Special soil sampling :n South-Jutland in 1988. 
86 Risø-R-570 
Table 4.5.2. Radiocesitm in uncultivated soil collected at the 10 State experimental 
farms in Denmark in September 1989. (Unit: Bq nr*). (l34Cslli7Cs) 
s Chernobyl 137Cs* 
Location 0-5 cm 5-10 cm 10-20 cm 20-30 cm 0-30 cm i 
0-5cm 5-10cm 10-20crr 0-20 err, 
Tyistrup 1200 1280 490 210 3180 388 3SS 
10 062) 
Kale 1800 1530 570 163 4050 921 60 B 9S1 
(0 098) (0 007 B) 
Borns 1130 1090 1310 1290 4820 615 367 922 
10104) <0064) 
Askov 2100 2200 1920 1380 7650 1832 1632 579 4043 
(0167) (0138) (0 057) 
St Jyndevad 1350 710 1130 720 3910 884 834 
10 124) 
Årslev 1720 800 850 550 3920 1387 420 1607 
10154) (0.100) 
Tystofte 1020 420 590 270 2290 685 68= 
10.128) 
Ledreborg 490 710 1260 790 3240 362 300 A J62 
10 142) (0081 A) 
Abed 560 1200 1650 330 3740 328 A 329 657 
(0 112 A) (0 052) 
Tornbygard 770 530 990 720 3010 346 346 
(0 086) 
Mean 1212 1051 1075 643 3981 775 31 i 58 T i « 
Relative SO 44% 51 "4 *-' 67": 37% 65% 159% 96% 
'Ca'-ulated from '3*Cif37Ci assuming that th;s ratio was 0 55 m pure Oerr.obyl debris on April 26,1986 
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Table 4.5.3. Radiocesium in cultivated soil (0-5 cm) collected in 1989. (Unit: Bq m-2) (i^Csf'irCs) 
Location Distance from hedge 
Height 
cf hedge Oate '3?Cs 
134Cs/'37Cs Chernobyl Global 
'37Cs fallout 
Nustrup 1 x height 
(Zone IV) 6 x height 
10 x height 
15 x height 
Tågerup 1 x height 
(Zone VI) 6 x height 
10 x height 
15 x height 
6 m April 13 

































Table 4.5.4. Strontium-90 in uncultivated soil from the 10 Slate experimental farms 






























































Bq kg-' Bq m-2 
dry 















































































Table 4.5.5. Strontium-90 in uncultivated soil from St. Jyndevad and Skydebanen 











































































Table 4.6.1 A. Radiocesium in marine sediments collected in Roskilde Fjord on 



























































Table 4.6.1.B. Radiocesium in marine sediments collected m Roskilde Fjord on 



























































t1°SO'N 12°00'N 12*10'N 
Fig. 4.6. Roskilde fjord. 
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Table 4.6.2. Smmnmm-90 in marine sediments collecud in Roskilde Fjord 
on May 7,1987 at Bolund (55'42'NITOS'E). (Area: 0.0145 m2) 
Layer 'OSr 
in cm Bq kg-1 dry Bq rrr2 
0-3 0.37 2 6 
3-6 0.30 4.4 
6-9 0 32 4 1 
9-15 0.29 5 0 
S 0-15 16.i 
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5. Danish Food and Various 
Vegetation 
brA-Aarkrog 
5X Cows Milk 
Dried milk from seven locations (Figure 5.1.1) was collected monthly and 
analysed for »Sr (Tabks 5.1.1.A & B) and for «7Cs (Tables 5.1.3.A & B). Since 
1983 the "Sr concentrations in Danish milk have decayed with a halflife of 10 
years; the global fallout I37Cs has shown a halflife of 6 years and that of 
Chernobyl "7Cs of 1.1 years (1987-1989). Tables S.1.S.A & B show that the 
contribution of Chernobyl U7Cs in Danish milk decreased from 84% in 1988 
» 74% in 1989 (in 1987 the percentage was 94). 
Consumers milk was collected in June 1988, the mean ratio between ,37Cs in 
fresh milk and that in dried milk (Table 5.1.3.A) was 1.24 * 0.81 (* 1 S.D.; n = 
Ty. Jutland showed higher levels in dried milk than in consumers milk 
whereas it was opposite in the islands. 
5J.O»<ier Milk Products 
Cheese was collected in 1988 and in 1989 and analysed for *>Sr and ,37Cs 
(Table 5.2.2). The cheese levels (in particular 137Cs) were higher than the 
corresponding country means in dried milk, probably because the cheese was 
prod ced of older milk and of milk preferentially coming from the western 
pan of the country. 
53. Cereal Grain 
Grain staples collected at the 10 State experimental farms were as previously 
analysed for wSr and ,37Cs. Figures 5.3.1-5.3.4 show the wSr levels since 
measurements began in 1959 and Figrr« 5.3.5-5.3.8 show the corresponding 
137Cs concentrations for the period 1962-89. The effective halflife of "Sr in 
Danish grain has been 10-15 years since 1983. 
The I34Cs/137Cs in grain (Tables 5.3.5.A & B) shows the contribution of 
Chernobyl ,37Cs in 1987: 78% of the total ,37Cs in Danish grain came from 
Chernobyl, in 1988: 81% and in 1989: 67%. The effective halflife of global 
fallout of ,37Cs has since 1983 been 12 year (for oats 16 years) and that of 
Chernobyl ,37Cs has since 1987 been 5 years (shorter for barley and oats, 
longer for wheat and rye). 
The predctions of the 137Cs levels in grain from 1988 and 1989 based upon 
revised models, including root uptake are summarized in Appendix C, cf. also 
Arnendix A. It appears that the observed values in 198S in general were lower 
than those predicted while the opposite was the case in 1989. 
As has been suggested earlier {Aarkrog 1989) this may reflect that the rcsu-
spended ,37Cs becomes increasingly more available as time goes by. 
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5.4, Bread 
The bread levels in 1988 as well as in 1989 were in general higher than 
expected from Danish grain measurements (Tables 5.4.3A & B). This may 
suggest import of grain from areas in Europe which was more contaminated 
by Chernobyl debris than Denmark. 
5.5. Potatoes 
The effective halflife of *°Sr in potatoes in Denmark has since 1983 been 
about 20 years, somewhat longer in the Islands than in Jutland (cf. Figures 
5.5J-5.5.2). The 1,7Cs concentrations have shown greater variability partly 
due to the Chernobyl accident (Figures 5.5-3-5.5.4). 
5.6. Vegetables and Fruit 
Peas show 3-4 times higher ,37Cs concentrations than cabbage and carrois-
The ,J7Cs levels in vegetables and fruit did not change significantly from 1988 
to 1989. 
5.7. Meat, Fish, Eggs and Various Vegetable Foodstuffs 
5.7 J. Meat 
During 1988 and 1989 82% of the "7Cs in Danish beef came from Chernobyl, 
this activity decayed with an effective halflife of 3-4 years which is shoner 
than that of global fallout. The ,37Cs concentrations in pork were one third to 
one half of those in beef. 
5.7 J . Fish 
Fish from the inner Danish waters contained 2-4 times more l37Cs than fish 
from the Nonh Sea. Fish from the Baltic Sea showed 3-4 times higher levels 
than fish from the inner Danish waters. The l37Cs concentrations in 1989 were 
lower than those in 1988 in fish from the Nonh Sea, while no difference was 
observed for fish from the inner Danish waters. 
The contribution from Chernobyl »" the total 137Cs concentration in fish 
was 72% in the inner waters and 46r/v .-. the Nonh Sea in 1988 and 1989. Fish 
from the Baltic Sea showed a percentage of 91% in 1989. 
Eels from a location in the Baltic Sea (Oscarshamn) has been meassured for 
l37Cs since the Chernobyl accident (Figure 5.7.2). The maximum was reached 
at the beginning of 1988. 
5.7 J . Eggs 
The wSr concentrations in eggs in 1988 and 1989 were similar to those in 1987, 
i.e. mean < 0.01 Bq kg-1. The 137Cs levels were an order of magnitude higher. 
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5.7.4. Various Vegetable Foods 
The fords in rue, oats, banana, orange, coffee and tea in 19S8 were similar 
(within a factor of 2-3) to those observed at the last sampling in 1986; but 
hazel nuts contained far less l37Cs in 198$ (about two orders of magnitude 
less). 
5.8. Total Diet (Consumption Data) 
The *°Sr intake with total Danish diet has since 1983 decreased with a halflife 
corresponding to the radiological halflife of *°Sr, Le. 28.S years. The daily pro 
capite intake of Ca with the Danish diet is now 1J7 g Ca corresponding to 428 
g per year 
The global fallout »7Cs in the diet (23% of the total »7Cs in 1988 and 1989) 
decayed with an effective halflife of approx. 5 years whereas Chernobyl u7Cs 
(77%) decreased *: th 3 years halflife- The determination of the decay of the 
global fallout i< ^.cumbered with uncertainties due to the contribution of 
Sellafield radiocesium from fish consumption. 
5.9. Total Diet (Production Date) 
The "Sr intake with total diet calculated from the concentrations in the 
various diet constituents may be compared with the measured levels in total 
diet (consumption data). In 1988 the production data were 0.14 Bq *°Sr day1 
cap-' and the consumption figure was 0.16. In 1989 the dan were 0.12 and 0.IS, 
respectively. The corresponding figures for I37Cs were in 1988 0.40 and 0.46, 
respectively, and in 1989 0.34 an<* 0.33 Bq ,}7Cs day-' cap-', respectively. 
5 JO. Grass 
5.10.1. Grass from Zealand 
Strontium-90 in grass collected around Risø has since 1987 decayed with an 
effective halflife of S years and 1}7Cs with about 1.5 years halflife. These 
figures are based on monthly samples collected throughout the year. 
5.10.2. Grass Collected Countrywide 
Since September 1986 the ,37Cs levels in grass collected during the summer 
half year at the 10 State experimental farms has decayed with a halflife of a 
little less than 1 year. 
5.11 Sea Plants 
5.1L1. Sea Plants from Roskilde Fjord 
The wSr concentrations have since 1987 decayed with a halflife of about 2 
years and 1,7Cs with 2.5 years. 
5.11.2. Sea Plants from Inner Danish Waters 
An anova of the B7C? data on Fucus samples collected monthly 1987-1989 at 
Strøby Egede, Nysted, Mullerup/Reersø, Gilleleje/Nakkehoved and Klint 
show no significant interactions between year, month and location. But the 
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main effects are all highly significant. The maximum levels are occurring in 
June, the levels in 1988 and 1989 are higher than those in 1987 and the 
concentrations are higher in Fucus from the southern stations close to the 
Baltic Sea (i.e. Strøby Egede and Nysted' than in the norhern Cattegat sta-
tions (Gilleleje and Klint). 
The observed mean ratios between Bq kg-1 d.w. Fucus and Bq H sea water 
for "Tc were 1.05-10' for Fucus vesiculosus and 0.88105 for Fucus serratus 
both sampled monthly at Klint in 1988 and 1989 (cf. also Fig. 4.4.10). In 1988 
the relative variations of the "Tc concentrations in sea weed were two times 
u'gher in 1989 although the variation of the water concentrations was the 
same for the two years. This may indicate a recall by the Fucus of higher 
water concentrations of "Tc in 1987. The relative variation of the "Co con-
centrations in sea weed did not differ for the two years. 
5.12. Lichen and Moss 
In Fig. 5.12 five years observations of l37Cs in Danish lichen are shown 
(1986-1990). It appears that the environmental halflife of ,37Cs varies between 
1.5 and 4 years for the various locations. The halflife of the Chernobyl debris 
was shorter than that of global fallout I37Cs. 
5.13. Mushrooms from a Forest in NE-Zealand 
In cooperation with the University of Roskilde a study of radiocesium in 
mushrooms was carried out in September-October 1989. The samples were 
collected from a spruce forest and a beech wood in Gribskov, NE-Zealand by 
three students from the University, and the samples were analysed at Risø. 
The results have been published in a Danish report from the University of 
Roskilde (Roos et al. 1990). 
The report concludes that for the same mushroom species and the same 
deposition of fallout, the spruce forest showed higher levels than the beech 
wood. Common yellow mussula is well suited as a bioindicator for radiocesi-
um. A significant part of the I37Cs in mushrooms comes from global fallout, 
es ecially in the honey fugus where 35-85% was old fallout. In common 
yc.iow nussula about 45% was global fallout, but in clouded agaric nearly all 
137Cs was from Chernobyl. The environmental halflife of 137Cs in most mush-
rooms is apparently long. The observed ratio between the 137Cs concentra-
tions in the mushrooms and those in the upper 10 cm soil layer varied be-
tween 3 and 35 depending upon mushroom species and forest type. Chernobyl 
radiocesium showed a higher (about 3 times) transfer than global fallout 
cesium. 
Risø-R-570 95 
Table 5. Geometric means of Strontium-90 and Cesium-137 leveh in Danish envi-
ronmental biological samples collected in 1988 and 1989 
Sample rype and unit 
Countrywide dried milk, Bq H fresh 
Danish cheese, Bq kg-1 
Countrywide rye, Bq kg-1 
Countrywide barley, Bq kg-' 
Countrywide wheat, Bq kg"1 
Countrywide oats, Bq kg-1 
Countrywide rye bread, Bq kg-' 
Countrywide white bread, Bq kg-' 
Countrywide potatoes, Bq kg-1 
Countrywide cabbage, Bq kg-' 
Countrywide carrot, Bq kg-' 
Countrywide peas, Bq kg*1 
Countrywide apples, Bq kg-' 
Country intake t with diet, Bq day-1 cap-' 
Countrywide beef, Bq kg"1 
Countrywide pork, Bq kg-1 
Countrywide* plaice, Bq kg-' 
Countrywide* herring, Bq kg-1 
Countrywide* cod, Bq kg-' 























































































tMean of June and December sampling 
'Copenhagen samples only 






Fig. 5.1.1. Dried milk sampling locations in Denmark. 
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54 = 2 
54 = 2 
Randers 















35 = 3 
33 
36 























mean* 51 53 64 71 38 40 43 50 
1988: 
Arithmetic 
mean* 51 53 64 71 39 40 44 52 
•The data were /weighted with the number of months when calculating the mean. 
As 1 cubic meter of milk contains 1.2 kg Ca. the mean »Sr content in Danish milk produced in 1988 was 62 Bq 
m-3(or0O62Bq»SrM). 
TabU 5.1. J.B. Strontium-90 in dried milk in 1989. (Unit: Bq (kg Ca)-') 
































































•The data were weighted with the number of months when calculating the mean. 
As 1 cubic meter of milk contains 1.2 kg Ca. the mean MSr content in Danish milk produced in 1989 was 58 Bq 
m-3 (or 0.058 Bq9°SrH). 
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7«Mff 5J.2A. Analysis of vanenet of In Bq "ST (kg Co)-' in Danish ante walk m 
1988 (from Tablt 511 A) 
Variation SSD f s 2 
Between months* 
Between locations 




















•Jan-April. May-June. July-Oct. Nov-Dec. 
Table 5.1.2Jt. Analysis of variance of In Bq "Sr (kg Ca)-' in Danish dried milk in 
1989(from Table S.I.IB) 
Variation SSD f s 2 
Between months* 0 083 3 0.028 3.785 
Between locations 1.300 6 0.217 29.596 > 99.95% 
Month x loc 0.132 18 0007 
•Jan-April. May-June. July-Sep. Oct-Dec. 



















































As 1 cubic meter of milk contains 





























































approx. 1.66 kg K. the mean 137Cs conteni 
' r rr3 (or 0.28 B q ^ ' C s H ) . 
































































1950 1965 1960 1965 1970 1975 I960 1965 1990 1995 
YEAR 
Fig. SJ2. Predicted (curve) and observed *>Sr/Co levels in dried milk from Den-
mark (May 1962 - April 1990) (milkyear). 
Fig. 5J.3. Predicted (curve) and observed l3TCs/K levels in dried milk from Den-
mark (May 1962-April 1990) (milkyear). 
5000 
2000 


















1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 
YEAR 
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93 144 200 141 54 46 23 80 
99 159 210 155 55 49 23 107 
As 1 cubic meter of milk contains approx 1.66 kg K. the mean 137Cs content in Danish milk produced in 1989 
was estimated at 178 Bq m-a Jor 0.178 Bq 137Cs 1-'). 
"igures in brackets were calculated from VAR3 (Vestergaard 1964). 
Table S.1.4A. Analysis of variance of In Bq ,37Cs (kg K)-' in Danish dried mUk in 
1988 (from Table S.1.3A) (milk year May 1988 - April 1989) 
Variation SSD f s 2 
Between months 2.363 11 0 215 2 575 > 99% 
Between locations 53.247 6 8 874 106.398 > 99.95% 
Remainder 5.505 66 0.083 
Table 5.I.4.B. Analysis of variance of In Bq ,37Cs (kg K)~l in Danish dried milk in 
1989 (from Table S.1.3.B) (milk year May 1989 - April 1990) 
Variation SSD 
Between months 4.132 




















































































- 0 8 4 : 0 0 6 ( 1 SO 
Nyborg 
0 27 
0 2 6 
0 27 
0 22 
0 2 2 
0 27 

























= I S O 
029 = 002 
028 =002 
027 =003 
0 25 =004 
025 =003 
025 =002 
022 = 0 0 2 
0 22 =0 02 
0191=003 
021 = 0 0 * 
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= I S O 
0 181=0 02 
0183 = 003 
0 190 = 003 
016T =002 
0 172 = 002 
0149 = 003 
0 149 = 003 
0146 = 002 
0126 = 002 
0 141=002 
0133 = 003 
















TaUt 5.2J. Radwcesimm at comsmmm milk caSaied in du 8 zesss and 
i mjmne 1999 (cf. F<* 5.*/;. (Theomual '**C$!»7Cs: 0.29) 
Location 
1: North Jutland 
H: East Jutland 
III: West Jutland 





1968: Geometric mean 









































Table 5.2 2. Smmtmm-90 and radiocesium in Danish cheat collected counoyaide 























0.188 A 0 24 
0.21 
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TmUe S3.4A. Anmlyso ofvanam 
(fiom Tabte 5.3.2^) 
Variation SSO 
Between species 1.95 
Between locations 7.73 

















n | m n 79w 
P 
>99.5% 
> 9 9 95% 
Took SJ3.B. AnaHu of ven** 
(fnmTobUSJ IB) 
Variation SSO 
Between species 0.916 
Between locations 1.549 
Remainder 
+ (spec x loc) 1.558 














> 9 5 % 
Table 5.3.4.B. Analysis of variance of In Bq "Sr (kg Ca)-' in grain m 1989 
(from Table S3.ZB) 
Variation SSO f s2 ? P 
Between species 0.020 3 0 007 0.054 
Between locations 1.935 1 1.935 15 000 > 99% 
Remainder 
+ (spec x loc) 0.905 7 0129 
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1955 1960 1965 1970 1975 
YEAR 
1980 1965 1990 
Fig. 5.3.1. Strontium-90 in '.ye collated in Denmark in 1959-1989. 
(Unit: Bq kg-'). 
Fig. *.3.2 Strontium-90 in barley collected in Denmark in 1959-1989. 
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Fig. 5.3.3. Sironiiutn-90 in wheat collected in Denmark in 1959-1989. 
(Unit: Bq kg-'). 














1S5S 1960 1965 1970 1975 1980 1965 1990 
YEAR 
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Kalo 0 143 
Borns 0.108 
(0 28 A) 
Askov 0.74 
(022) 
St. Jyndevad 0.26 
(025 A) 
Funen 0.073 

























0.034 B 0 050 
0052 0.055 
0 034B 0.033 A 
0 034 B 0.036 A 
0096 0.066 







(0 21 B) (038) 
0198 
(0 23 A) 
0 22 
(0 25 A) 
0080 
(0 28 B) 
0 024 B 0 022 B 
0050A 0126 
0 025 A 0 027 A 
















0 051 A 




























0 028 B 
0 026 B 

































0 040 A 
0 0111 B 
0021 B 








0 027 A 
0 039 A 
0 036 A 




















0 035 A 
1989: 
Geometric 
mean 0 093 0 062 0 042 0 043 0 068 0164 0 066 
1989: 
Arithmetic 
mean 0.151 0117 0054 0087 0139 027 0.081 
In brackets the 134Cs/137Cs are snown 
110 Riso-R-570 


































































































































































































Table 5.3.7A. Analysis ofvarianceofln Bq n'Cs kg-' in grain in 1988 
(from Table 5.3.S.A) 
Variation SSD f s2 v2 P 
Between species 6.03 3 2.01 668 > 99 5% 
Between locations 29.20 9 3.24 10.78 > 99.95% 
Spec x loc 7.53 25 0.301 1.624 
Remainder 2.41 13 0.185 
Table S.3.8A. A: - of variance of In Bq 137Cs (kg K)-> in grain in 1988 
(from Table S.3.6u., 
Variation SSD f s2 v2 P 
Between species 5.85 3 1.95 6.24 > 99.5% 
Between locations 30.82 9 3 42 10.96 > 99.95% 
Spec x loc. 7.81 25 0.312 1.C17 
Remainder 2.68 13 0206 
Table S.3.7.B. Analysis of variance of In Bq l37Cs kg-1 ingrainin 1989 




























Table S.3.8.B. Analysis of variance of In Bq l37Cs (kg K)-> in grain in 1989 
(from Table S.3.6.B) 
Variation SSD f s2 v2 P 
Between species 
Between locations 























Fig. 5.3.5. Cesium-137 in rye collected in Denmark in 1962-1969. 
(Unit: Bg kg-'). 
Fig. 5.3.6. Cesium-137 in barley collected in Denmark in 1962-1989. 
(Unit: Bg kg-'). 






Fig. 5.3.7. Cesium-137 in wheal collected in Denmark in 1962-1989. 
(Unit: Bg kg-'). 
Fig. S.3.8. Cesium-137 in oats collected in Denmark in 1962-1989. 
(Unit: Bg kg-'). 
0.03 
114 Risø-R-570 





Fig. 5.4. Sample locations for bread and total diet. 
Risø-R-570 11S 













0.25 i 0.02 















Bq kg-1 Bq (kg Ca) ' 
0.138*0001 






































Arithmetic mean 0.20 540 0109 240 
Copenhagen 0.176 360 0191 300 
Population 









i • • • » i • - • -
* I960 1965 1970 1975 
YEAR 
1990 1985 1990 
Fit 5.4.3. Calcium in Danish bnad 1962-1989. (Unit: gCakg-' bnad). 
Rirø-R-570 117 
TmbU S 4.2A. Raåocesmm in Dansk bnad collected in Jam 1988 
Location 
Bq t37Cs 
k g ' 
Rye bread 
Bq ,37Cs I^Ks 
(kg*)-' '37Cs 
Bq '37Cs 
k g ' 
White bread 
Bq ^ C s lifCs 
(kg K)-' ^ C s 
I North Jutland 025 95 
II East Jutland 0.178 56 
III West Jutland 0.165 61 
IV South Jutland 0 25 96 
V Funen 0.58 196 
VI Zealand 0.27 75 
VII Lolland-Falster 0.33 115 





















17 4 A 
029 























































I North Jutland 0.28 112 
II East Jutland 0.45 170 
III West Jutland 0.48 175 
IV South Jutland 0.40 154 
V Funen 0.38 139 
VI Zealand 0.22 84 
VII Lolland-Falster 0.120 44 

























0 21 A 

































Tabk S.43A. A comparison bettxtn "Sr end li7Cs frwfe in bead (Jam) and 
grata 1988 
Nuclides Species -Bread activity 
in June 1988 
calculated as 














^(Rise Reports 1957-1989). 
Tabk 5.4.3S. A campari 
gram 1989 










in bnad (Jam) aad 
Nuclides Species -^read activity ^Activity in 
in June 1989 grain from 
calculated as harvest 1988 
grain in Bq kg-1 Bq kg-' 

















^ (Rise Reports 1957-1989). 
TabU S.S.I A. Stnmtium-90 and radiocesium in Danish potatoes in 1988 
Location Bq^Srkg-1 Bq*>Sr(kgCa)' Bq'^Cskg-' Bq'37Cs(kgKH 134Cs 





































0 023 B 
0034 



































Tsbit 5-5J.fi. St3Sssmm-90 end re&ectsiam n Damskfettmim I9$9 
Location Bq«°Srkg-' 8q *>Sr (kg Ca> ' Bq'^Cskg-1 Bq ,37Cs(kgK) ' !£fC?_ 
,37Cs 
Tylstrup 0029 710 0081 194 
Kate 0025 520 0037 A 7 6A 
Boms 0024 530 0182 35 0136 A 
Askov 0080 1020 0 39 88 0 20 
St Jyndevad 0025 370 0129 28 
Årslev 0 025 360 0108 23 0179 8 
Tystofte 0 048 570 < 0 022 < 4 9 
Ledreborg 0030 670 0024B 57 B 
Abed 0.058 680 0132 29 024 A 











































in vegetables and fruit 
Cabbage 

























































0 1 9 
Apples 







































Fig. 5.5.1. Strontium-90 in potatoes collected in Jutland in 1959-1989. 
(Unit: Bq kg-'). 
Fig. 5.5.2. StTomium-90 in potatoes collected in the Islands in 1959-1989. 
(Unit: Bqkg-')-
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1960 1965 1970 1975 
YEAR 
1980 1985 
Fig. 5.5.3. Cesium-137 in potatoes collected in Jutland in 1963-1989. 
(Unit: Bq kg-1). 
Fig. 5.5.4. Cesium-137 in potatoes collected in the Islands in 1963-1989. 













Table S.6.2A. Radiocesium in vegetables and fruit collected in 1988 
Location 
1 Noah Jutland 
II East Jutland 
III West Jutland 















0 0 4 ' 
00181 
00143 A 





















































































































Table S.6.2.B. Radiocesium in vegetables and fruit collected in 1989 
Location 
1 North Jutland 
II East Jutland 
ni West Jutland 












0 0109 A 
0056 
0039 







. 3 7 C , 
BqlkgrCr"' 
88 



















































































































Table S.6.3A. Calculated *>Sr and « 7 C J mean levels in vegetables in 1988 
Daily intake in g 
50 leaf vegetables 
(cabbage) 
30 root vegetables 
(carrot) 
40 peas and beans 
120 g 




















Table 5.6.3.B. Calculated ^ Srand » 7 C J mean levels in vegetables in 1989 
Daily intake in g Bq^Srkg-1 Bq 9°Sr (kg Ca)-1 Bq1 3 7Cskg-' Bq 137Cs(kg K)-
50 leaf vegetables 0.22 
(cabbage) 
30 root vegetables 0.189 
(carrot) 
40 peas and beans 0139 










Table 5.7.1.1. Strontium-90 in beef and pork collected in Denmark in June 1988 
and June 1989 
Year Location Species Bqkg-' Bq(kgCa)-' 
1988 Denmark Beef 
1989 











Table 5.7.1.2 A. Radiocesium in beef and pork collected countrywide in Denmark in 
June 1988 
Beef Pork 
Zone Bq137Cs Bq137Cs 134Cs Bq 137Cs Bq 137Cs 134Cs 
kg-1 (kgK)-1 137Cs kg-1 (kg K)-1 137Cs 
I. North Jutland 0.92 410 0.29 0.32 109 0.177 
II. East Jutland 0.98 420 0.24 0.47 181 0.24 
III. West Jutland 0.32 111 0.179 0.65 196 0.26 
IV. South Jutland 2.1 830 0.28 0.52 210 0.24 
V. Funen 2.6 900 0.28 0.34 145 0.24 
VI. Zealand 0.74 220 0.26 0.128 47 
VII. Lolland-Falster 0.23 83 0.25 0.24 89 0.180 
VIII. Bornholm 2.4 870 0.27 0.194 64 













































































































































































































Table 5.7.I.3.B. Radiocesium in beef collected countrywide in Denmark 
in December 1989 
Zone 
1. North Jutland 
II. East Jutland 
III. West Jutland 















































































Table 5.7.I.4.B. Radiocesium in pork collected in Copenhagen in March 




B q ^ C s k g - 1 
0.82 
0.22 















































Table 5.7.2.1 A. Strontium-90 in fish collected in Danish waters in 1988 (samples 
were obtained from Hundested (Cattegai) and Ringkøbing (North Sea)) 































Table 5.7.2.1.B. Strontium-90 in fish collected in Danish waters in 1989 (samples 






1989: Geometric mean 
1989: Arithmetic mean 
Fiesh 
Bq ^ Sr Bq 90Sr 




















Table 5.7.2.2 A. Radiocesium in fish (flesh) from Danish waters in 1988 
Location Month Species Bq137Cs Bq137Cs ,34Cs 
kg-1 (kg K)~- 137Cs 
Hundested March Cod 9.1 2800 0.22 
(Cattegat) March Plaice 5.3 2000 025 
March Herring 2 7 810 0.142 
Sept Cod 5.9 2700 0.24 
Sept Plaice 5.8 1630 0.20 
Sept Herring* 2.2 630 0.147 
1988: Geometric mean 4.6 1520 
1988: Arithmetic mean 5.2 1760 
Ringkøbing March Cod 2.8 1210 0.121 
(North Sea) March Plaice 1.30 490 0.149 
March Herring 2.0 750 0.169 
Sept Cod 1.92 610 0.084 
Sept Plaice 1.11 390 0.146 
Sept Herring 2 1 680 0.142 
1988: Geometric mean 
1988: Arithmetic mean 
1988: Total Geometric mean 
1988: Total Arithmetic mean 










Table 5.7.2.2.B. Radtocestum imfisk (flak) from Danish waters in 1989 
Location Month Species Bq ,37Cs 
kg-' 
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•• _ 
"" _ 



















1989: Geometric mean 4.3 1370 
1989: Arithmetic mean 8.5 2700 
Ringkøbing 
(North Sea) 
_ •• _ 
_ •• _ 
































1989: Geometric mean 0.90 330 
1989: Arithmetic mean 1.00 370 
Bornholm 
(Baltic Sea) 






















1989. Geometric mean 
1989: Arithmetic mean 
Skagen Jan Sole 
Feb Mackerel 
1989: Geometric mean 
1989. Arithmetic mean 
1989: Total Geometric mean 
1989: Total Arithmetic mean 
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TabU 5.7.4. Smmrimm-90 and radiocesmm in various imported vegetable food 




















































'Collected in February 1989. 
Table 5.8.1 A. Smmtium-90 m Danish total diet collected in June 1988 






















































Table 5.8.1. B. Strontium-90 in Danish total diet collected in June 

































































sow V W 
1S65 IMO 1910 1975 
YEAR 
Fig. S.8J. Predicted and observed "Sr leveb in die Danish mal diet. The dotted 
curve represents the prediaed values for »Diet Cm (cf Tobies 5.7J and 5.72) and 
tke circles are die corresponding observed values. The unbroken curve represents the 
predkud vines for »Diet />• (cf. Table 5.9.3), and die triangUs die corresponding 
observed values. 
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1 2 7 * 0 04 
1 14 
mean of double determinations. 
Tahk 5J.2.B. Stromtimm-90 im Danish total diet coUecud in December 1999 




















































































































Arithrr 3tic mean 
Copenhagtn 
Population-weighted mean 


















Table 5.8.3.B. Radiocesium in Danish total diet collected in June 1989 
Zone Bqi37Cs(kgK>-i B0 l 3 ? C s d aY~1 gKday-1 ^ i 








































































Table 5.8.4A. Radiocesium in Danish total diet collected in December 1988 



















































Geometric mean 127 
Arthmeticmean 11J 
Copenhagen* 220*111 





The error term is 1 S.D. of the mean. 









Table 5.8.4.B. Radiocesium in Danish total diet collected in December 1989 
Zone Bqi37Cs(kgK)-i Bq'37Csday-i g K d a y _ i ^ C s 
cap- 137CS 
I. North Jutland 
II. East Jutland 
III. West Jutland 
























































































































































































































































Table 5.9.3 A. Estimate of the mean content of^Sr in the human diet in 1988 
Type of food Annual 
quantity 
in kg 
Bq 90S: Tcta! Percentage c? total 
per kg Bq *>Sr Bq 9°Sr in food References 









Coffee and tea 















































(Table 5.9.1. A) 
(Table 5.5.1.A) 








The mean Ca intake was estimated at 0.41 kg y-1 
diet was 122 Bq *>Sr (kg Ca)-1 (3.3 S.U.) i-i 1988 
* No collections in 1988 1987 data used. 
4987 
(approx 01 kg creta praeparata) Hence the ^Sr/Ca ratio in total 
Table 5.9.4A. Estimate of the mean content oft37Cs in the human diet in 1988 
Type of food Annual Bq137Cs 




Percentage of total 
Bq T37Cs m food References 









Coffee and tea 
















































(Table 5.5.1. A) 






(Table 4.3.3.1 A) 
Total 153 44 
As the approximate intake of potassium was 1.365 kg y-' the '37Cs/K ratios were 112 Bq T37Cs (kg K)-' or 3 0 M l ) . 
m 1988. 
• No collections in 1988 1987 data used. 
Notes to Tables 5.9.3 and 5.9.4. 
" Calculated from apples in Tables 5.6.l.B and 5.6.2.B and from banana and orange in Table 5.7.4 
with the relative weighting factors 0.714,0.143,0.143, respectively. 
2> Calculated from the mean of the June and December sampling for 137Cs in beef (Tables 5.7.1.2.B 
and 5.7.1.3.B) and from Table 5.7.1.4.B (137Cs in pork). Table 5.7.1.1 gives *>Sr data for beef and 
pork. In the calculation beef is weighted by 0.33 and pork by 0.67. 
3)
 One third of the total consumption consists of tea end two-thirds of coffee. The data from Table 
5.7.4. are used for the calculation. 
Arithmetic means are used all through. 
Riso-R-570 139 
Table 5.9.3.B. Estimate of the mean content of^Sr in the human diet in 1989 
(cf. notes to A tables) 
Type of food 





















































Percentage of total 












The mean Ca intake was estimated at 0.44 kg y-1 (approx. 0.1 kg creta 
praeparata). Hence the 90Sr/Ca ratio in total diet was 96 Bq 90Sr (kg Ca)-1 (2.6 
S.U.)in1989. 
Table S.9.4.B. Estimate of the mean content ofl37Cs in the human diet in 1989 
(cf. notes to A tables) 
Type of food Annual Bq 137Cs Total Percentage of total 










































Dtinking water 548 
Total 
0.105x 10-3 0.06 
171.14 
As the approximate intake of potassium was 1.365 kg y~1 





Table 5.10.1.1 A. Strontium-90 and radiocesium in grass from Zealand, 1988 
Periods Bq 9°Sr Bq 90Sr 
(kg ash)-1 (kg Ca)-1 
Jan-March 11 8 290 
April-June 13.9 300 
July-Sept 2P3 420 
Oct-Dec 2C 0 420 
1988: 
Geometric mean 17.2 350 
1988: 
Arithmetic mean 18.0 360 
Table 5.10.1.l.B. Strontium-90 and radiocesium in 
Periods Bq 9°Sr Bq 90Sr 
(kg ash)-1 (kg Ca)-1 
Jan-March 17.2 350 
April-June 15.8 330 
July-Sept 24.2 320 
Oct-Dec 16.7 230 
1989: 
Geometric mean 18.2 300 
1989: 
Arithmetic mean 18.4 310 
Bq137Cs Bq13?Cs gK 134Cs 
kg-1 dry (kg K)-1 kg-1 dry 13?Cs 
1.06 39 26.9 0.26 



















^ C s 





1.38 69 19 7 0.18 







1955 1960 1965 1970 1975 1930 
YEAR 
1985 1990 1995 
Fig. 5.10.1. Quarterly *>Sr levels in grass, 1957-1989. 
Fig. 5.10.2. Cesium-137 in grass samples collected at Risø, Denmark in the period 
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Table S.10.2A. Radiocesium in grass collected at the state experimental farms in 
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Fv. 5J0.3. Cesium-137 median values in grass fiom the 10 Danish State experimen-
talfarms 1986-1989. 










 1 1 11 
roll T rJ \ \ 
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1955 1960 1965 1970 1975 1960 1985 1990 1995 
YEAR 
Risø-R-570 145 
Table 5.10.2.B. Radiocesaim in grass collected at the state txpehwuntal farms in 


































































0 024 B 













0 077 A 
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Table 5.11.1.1. Strotaium-90 in Fucus vesiculosus from Roskilde Fjord in 1988 
and 1989 
Location 








































Fig. SJ12. Cesitm-137 ami cesmm-134 (lower curve) in Fmeus vesiewlosm ami 
Fmcms serratms fiom April 1986 to November 1990 colltcud ox Ktint, Zealand 
(5S*5»W,J!r35*£). 
Fig. 5J1.3. Cesittm-137 amd cesutm-134 (lower curve) in surface sea waur fiom 
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• • ' • • » » • . . 
200 
ISO 
1906 1967 1968 1969 1990 1991 
YEAR 
Risø-R-570 147 
TaUt 5JIJ.2. Radmcesium m Fmao vtskuksms fim* Roskilde Fjord in 1989 mmd 1989 
Lccsticn 
(cf Fig 4 61) 
1 55'42N12*06E 
1 55*42Ni r06E 
1: 55'42'N12*06"E 
1: 55*42N12'06E 
IX: 55'45N 12*04E 
X: 55*51 N12*02E 
1 55*42N12'06'E 
1 55*42 N 12*06*E 


























































































Table S.ll.2. Radionuclides in Fuaa veskuUaus (Fu.ve.) and Fuaa senaaa (FUM.) coUeaed at Klint (55'58'S, 









































































































































Table 5.11.2A. Radionuclides in Fucus vesiculosus (Fu.ve.) andFucus serratus (Fu.se.) 







































































































































































































Table 5.11.2.B. Radionuclides in Fucus vesiculosus (Fu.ve.) andFucus serratus (Fu.se.) 














































































































































































































Table 5.11.3. Radionuclides in Fucus vesiculosus (Fu.ve.) and Fucus serratus (Fu.se.) 














































































































































































































































































































































































































































Table 5.77.3. continued 
Location Position 
N E 














































































































































































































































































































































































































































Table 5.11.3. continued 
Location Position 
N E 














































































* *Nb : 0.9 A Bq kg-' dry weight 
• • '3 ' l : 4.4 A Bq kg-' dry weight 
A'OSRu. 13.2ABqkg-' dry weight 
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Table S.11.3.C. Radionuclides in Fucus vesiculosus (Fu.ve.) and Fucus serratus (Fu.se.) 
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Læsø 











































aH25Sb/137Cs = 0.35 
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kg d w 
m-2 















































Table 5.12.1. B. Radionuclides in lichen and moss collected in Denmark in 1989 
Sample Location Date 137Cs 106Ru 










Table 5.12.2. "'adiocesium in lichen (Cladina portentosa) collected at Oustrup Heather 
October 3,1989, by Ulrik Søchting, Institute of Sporeplants, University of Copenhagen 
Sample 
'37CS 



















































Bottom layer No. 1 
Bottom layer No. 2 
Bottom layer No. 3 
Bottom layer No. 4 





















xTop ±1 S.D. 
x Bottom ± 1 SD. 
Top + Bottom 
±1S.D. 

































































500 1000 1500 2000 
Days after the Chernobyl accident, april 26 1986 
Fig. 5.12. The ecological decay ofn7Csfrom Chernobyl and from global fallout (all 
I37Cs data corrected to April 26, 1986) in Danish lichen collected at Oustrup 
Heather and Skagen 1986-1990. 
156 Risø-R-570 
Table 5.13.1.1. Radiocesium in mushrooms collected in spruce-forest in Gribskov in the north-east part of Zealand in 




















































Sept 29-Oct 19 
Sept29-Oct4 
Oct 4-Oct 30 
Oct 11-Oct 19 
Oct ll-Oct 19 
Oct 30 
Sept 29-Oct 19 
Sept 29 Oct 4 
Oct 4-Oct 30 
Oct 11 Oct 19 
Oct 11 Oct 19 
Oct 30 
,:>7Cs 
B q k g - ! d w 
268 = 14(n = 2) 




640 = 49<n = 2l 
360 
580 = 92(0 -4 ) 
570 = 41(n = 2) 







240=1 14(n = 5) 
270 = 2 35(n = 2) 
600=1 l l |o=11) 
260=145(0 = 3) 
28 = 392(o = 2) 
25 
247 = 27(0 = 5) 
370 = 257(n-2) 
640 = 63m = 11) 
292 = 93|n = 3) 
57 = S0(o = 2) 
25 
'*«Cs 
Bqkg- ' d w . 
325 = 1 6(n = 2» 




76 =5 2(n = 2) 
42 
69 = 10(n = 4) 
48 =1(n = 2l 





3 9 A 
29=1 18ln = 5) 
48 = 2 43(n = 2) 
62=1 10(n = 11) 
27=146(0 = 3) 
177 
3 9 A 
30 = 4(n = 5) 
68 = 48(n = 5) 
65 = 6(0=11) 





0121=0000(0 = 21 




0118 = 000l (n = 2) 
0117 
0120 = 0002(o = 4| 
0084 = 0008 in -2 ) 






0120=106(0 = 5) 
0179=103(0 = 2) 
0103=1 0610 = 11) 
0107 = 1 03lo = 3) 
0164 
0155A 
0120 = 0007(0 = 5) 
0180 = 0006(0 = 2) 
0105 = 0 0 0 6 ( n = l l ) 
0107 = 0003(o»3) 
0164 
0155A 
g K kg-1 d w 
5 2 8 = 1 1(o = 2) 




42 2 = 0 1(n = 2) 
43 2 
42 7 = 2 1 In = 4) 
543 = 29(n = 2) 







. . . 5 4 0 ; 1 07(o = 5) 
451 = 1 61(o = 2( 
460= 1 04 (n* 11) 
4 9 3 = 1 0 9 ( 0 = 3! 
5 5 5 = 1 06(n = 2) 
77.6 
545 = 39(0 = 5) 
50 =22(0 = 2) 
4 6 3 = 1 8(o=11) 
497 = 45(o = 3) 
555 = 31(0 = 2) 
77.6 
712 = 




11 73 : 
514 
5 55: 
3 8 3 : 










:307?n = 2) 
-044in = 4) 
:029m = 2) 
:029in = 2) 
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Table 5.13.1.2. Radiocesium in mushrooms collected in beech u<ood in Gribskov in the north-east part of Zealand in 
Denmark in September-October 1989. (The error term is ±1 S.E.) collected by University of Roskilde 
Species Date '"Cs 
Bqkg-' dw 
' *Cs 
Bq kg-' d w 
' *Cs 
>37 C s 

































65=10(n = 4) 2 0 1 = 0 3 9 | n * 4 ) 0030 = 0002ln = 4! 451 = 19 in»4) 923 = 034in = 4) 
142 3 4 B 0024B 411 
210 




820 = 133 tn-31 
910 
1200 = 270|n = 3i 












123 = 27 (n 
73 = 33 ln = 
3 7 B 


















0 008 in 
0 006 in 
• 3 ) 
= 31 






42 9 = 
424 
487 = 





75ln = 2> 
16(n = = 31 
0 2(n = 3) 
23(n»2) 
18 32 




5 32=0 62ln = 3i 
5 20 
4 3 9 = 0 2 4 i n = 3l 













Sept29-Oct11 72 = 126<n = 5l 21 = 126(n = 5) 0029= 1 07|n = 5) 442 = 104(n = 5> 
Oct4-Octl4 143 = 154(n = 4| 18=151(n = 4l 0 126= 1 05|n = 4) 3 9 8 = 1 0 9 l n = 4) 
Oct4-Oct30 780=1 17(n=11) 85=1 17ln=11l 0 108= 1 03|n= 111 449= 1 02(n = 11) 
Oct4-Oct19 106 = 1 77|n = 4) 6 6 = 281 (n = 3l 0046= 1 44|n = 3l 4 5 8 = 1 10<n = 4) 








Sept29-Octll 8 0 = 1 7 4 | n * 5 ) 2 3 = 04 |n = 5) 
Oct4-Octl4 187 = 75(n = 4) 23 = 93 |n = 4) 
Oci4-Oct30 870=117|n»11i 95 = l2 4(n=11) 
Oct4-Octl9 188=125(n = 4l 18=15(n = 3) 
Oct 20 134 
0029 = 0002 (n = 5l 
0126 = 0006ln = 4) 
0109 = 0003 ln = U) 
0052 = 0018|n = 3) 
443=1 7(n = 5l 
403 = 36ln = 4) 
4 5 0 = l 0 | n = 11) 
4*4 = 4 6|n = 4) 
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Table 5.13.2.1. Radiocesimm in soil samples (0-5 cm layer) collected in spruce-forest in Gribikov in the north-east 
























of 1 and 2 
(n = 6)S.E.(factor) 
Arithmetic 
of 1 and 2 
(n = 6)S.E. 
mean 
^ C s 






























































































Table 5.13.2.2. Radiocesium in soil samples (0-5 cm layer) collected in beech wood in Gribskov in the north-east part 
of Zealand in Denmark October 26,1989 collected by University of Roskilde 
»3?Cs ?34Cs '34Cs gK 
Territory No Bq kg'fresh Bqrrr2 Bq k g ' fresh Bqrrr* '37Cs kg T fresh 
1 1 53 2100 2 9 113 0 055 8 85 
1 2 45 1980 2 8 121 0 062 10 46 
1 3 47 1800 3 8 145 0 081 5 70 
1 Arithmetic mean 48 1940 3.1 127 0 066 8 3 
{n = 3) SE 2 76 0 3 10 0.008 14 
2 7 34 1190 3.6 124 0104 152 
2 8 65 1310 8 4 170 0.129 0.93 
2 9 65 2600 5 8 230 0089 8.32 
2 Arithmetic mean 55 1690 5 9 174 0107 3.6 
(n = 3) SE 10 440 14 30 0.012 2 4 
Geometric mean 
of land 2 50 1760 4.2 146 0 083 4 3 
(n = 6)S.E.(factor) 1.10 1.12 1.19 1.11 1.14 1.52 
Arithmetic mean 
of land 2 51 1820 4.5 150 0 086 6.0 
(n = 6)S.E. 5 210 0.9 18 0 011 16 
Table 5.13.2.3. Radiocesium in soil samples collected in spruce-forest in Gribskov in 
the north-tost pan of Zealand in Denmark November 1,1989 collected by Universi-
ty of Roskilde 
i37Cs ,34Cs ^ c s gK 
Layer Bq kg-1 fresh Bqm? Bq kg'fresh Bqm-2 ^ C s kg-1 fresh 
0-10 cm 27 1800 2 0 136 0.076 13 8 
10-20 cm 5.9 680 0.051 5.9 0.0086 14.4 
20-30 cm 2.0 300 B.D.L. B.D.L. 15 7 
0-30 cm S 2780 1142 
Table 5.13.2.4. Radiocesium in soil samples collected in beech wood in Gribskov in 
the north-east pan of Zealand in Denmark November 1,1989 collected by Universi-
ty of Roskilde 
^ C s 134Cs 134Cs gK 
Layer Bq kg-1 fresh Bqm-2 Bq kg-1 fresh Bqm-2 i37cs kg-1 fresh 
0-10 cm 22 2600 1.3 A 149 A 0.058 13.3 
10-20 cm 0.97 161 B.D.L. B.D.L 16.0 
20-30 cm 0.47 79 B.D.L. B.D.L. 16.6 
0-30 cm 2 2800 2149 
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6. Strontium-90 and Radiocesium in 
Humans 
6X Strontium-90 in Human Bone 
(by A. Aarkrog) 
Tables 6.1.1-6.1.6 A & B summarize the results from 1988 and 1989. The levels 
are decreasing for all age groups with an effective halflifé of about 4 years 
(1985-1989). 
6.2. Radiocesium in the Human Body 
by B. Lauridsen and J. Søgaard-Hansen 
Whole-body mewements of radiocesium were initiated at Risø in July 1963 
(cf. 2.3 in Risø Report No. 85). The initial program stopped in 1977 due to 
very low body contents. The Chernobyl accident resulted in elevated radio-
cesium levels in foodstuff and the whole-body measurements were resumed in 
September 1986. 
The new control group comprises a large fraction of the old supplemented 
with a few newcomers. In total there are about 20 persons in the group 
including 2 children. 
Results from the early whole-body measurements are shown in Fig. 6.2.1. 
The figure shows the average yearly Bq ,37Cs (kg K)-1 contents (± 1S-E.) in 
the period 1963 to 1977. The measurements are compared with calculated 
values based on foodstuff data. For comparison the average values-for 1986, 
1987,1988 and 1989 are given. 
In Fig. 6.2.2 the measured mean values of 134Cs + ,37Cs body content are 
shown for men, women and children. The figure, furthermore, shows the 
calculated levels based upon estimated intake of radiocesium with food. In 
Fig. 6.2.2 persons in the control group were omitted if they have been on 
official travel to countries with relatively high contamination levels. The 
measured body contents in 1989 are now well below the 1987 peak values and 
are approaching the pre-Chernobyl level. The calculated levels appear to be in 
good agreement with the observed values. The mean concentration in 1988 
was 1250 Bq ,34Cs + l37Cs/(kg K) (rel. S.D.: 27%). The mean concentration in 
1989 was 555 Bq »*Cs + »7Cs/(kg K) (rel. S.D.: 12%). 
63. Radionuclides in Human Milk 
(by A. Aarkrog) 
The mean concentrations in human milk were 0.099 ±0.017 Bq ,37Cs H and 
0.0020 ±0.0004 Bq *>Sr H, 84% of the »7Cs was from Chernobyl. Compared 
with the diet levels measured in Zealand in June and December 1988, we 
found that 29% of the daily intake of ,37Cs and 1.4% of the "Sr were excreted 
in 1 1 of human milk. These observations are compatible with those made 
earlier for global fallout (Aarkrog 1979). 
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6.4. Human Urine 
Since the last quarter of 19S7, when the maximum ,,TCs level in human urine 
from Ris« occurred (660 Bq l,7Cs (kg KH) the concentrations have decreased 
with an effective hatflife of 0.75 years. This decrease is in agreement with that 
observed for whokbody measurements (cf. 6-2)-
The ratio between the annual mean values of Bq l,7Cs (kg KH in body and 
urine was 3.1 in 198S and 2.9 in 1989. The maximum of ,,7Cs in urine and 
body occurred approximately 0.5-1 year after the maximum in diet. 
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Table 6.1.1 A. Strontium-90 in vertebrae from newborn children 













Table 6.1.1. B. Strontium-90 in vertebrae from newborn children 
(< 1 month old) in 1989 
No samples 
Table 6.1.2A. Strontium-90 in bone from infants (< 4years) in 1988 
Zone Age in Month of Sex Bq (kg Ca)*1 
months death 
I 8 4 F 28 
III 3 4 F 23 
III 1 4 M 18.0 
IV 8 4 IS/I 33 B 












(< 4 years) in 19 
Bq(kgCa)-1 
11.5 B 
Table 6.I.3.A. Strontium-90 in bone from children and teenagers (£ 19 years) 
in 1988 
No samples. 























Fig. 6.1.1. Strontium-90 levels in bone from new-born (< / month) 1961-1989. 
Fig. 6.1.2. Strontium-90 levels in bone from infants (> 1 month « 4 years) 
1961-1989. 
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Fig. 6.1.3. Strontium-90 levels in bone from children (> 4 years < 19 years) 1960-
1989. 
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Fig. 6.1.5. Strontium-90 levels in bone from adults (> 29 years) 1960-1989). 
168 Risø-R-570 



















































































































































































































0)0 t ! 1-
Cohort 1960 
• 1 L . 
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AGE IN YEARS 
0 5 10 15 20 25 30 35 
AOF IN YFARS 
Fig. 6.1.6. Strontium-90 in human bone from Danish cohorts 1960-1966. Abscissa: 
age in years. Ordinate: bone level in Bq w5r (kg Ca)-1. 
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Table 6.2A. Radiocesium (l3**l37Cs) in humans from Risø and environment 
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•Monthly mean values (adults only) 134»i3?CsBq (kg K>-' : 1 SE 
An approximate estimate of the 137Cs content may be obtained 






Fig. 6JJ. A comparison between observed (±J S£.) mmd calculated (Aarhrog 
1979) Ba™G (hg K^levebmpersom from Zealand. 
Fig. 6.22. Radioceshan in Danish men, women and children from Zealand in 
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Table 6.2.B. Radiocerium (l3;*!37Cs) in humans from Risø and environment mea-














































































































































































































































































































































































Septembe r 1989 






















































































































 + i3?CsBq(kgK)-1 ±1 S.E. 
An approximate estimate of the 137Cs content may 
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1986 1987 1988 
YEAR 
1963 
Fig. 6.4. Radiocesium (Bq I37Cs (kg K)~l in diet, urine, and humans from Zealand 
in 1986-1987. (The human data were calculated from whole-body measurements of 
(i34Cs + 137&) by multiplication with 0.67 in 1986,0.72 in 1987,0.78 in 198<>, and 
0.83 in 1989. 
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Table 6.3. Radiocesium and ^Sr in human milk collected tit Himmelev near 






Dec 6-Jan 12 1989 





















Bq *>Sr Bq ^Sr 
I-' (kg Ca)-1 
0.00177 6 4 
0.00180 A 7 0A 
0 00185 7.3 
0.0027 A 10.3 A 
0 00178 6 9 









































7. Tritium in the Environment 
by Heinz Hansen 
7.1. Introduction 
Tritium is produced naturally in the atmosphere by the interaction of cos-
mic-ray protons and neutrons with nitrogen, oxygen or argon. Surface waters 
contain about 0.4 kBq nr3 from this source (UNSCEAR1982). Tritium is also 
produced and injected into the stratosphere as the result of thermonuclear 
explosions. At present, this latter source has enhanced the natural inventory 
by about a factor of ten (UNSCEAR 1982). Finally, tritium is produced as a 
by-product of the peaceful uses of atomic energy: it is released both during 
reactor operation and fuel reprocessing. 
7.2. Assay of Tritium in Low-Level Amounts 
The present assays of tritium levels in water are based on a relative enrich-
ment of 3H20 by electrolysis and subsequent liquid scintillation counting as 
previously described (Risø Reports Nos. 386 etc. (Risø Reports 1957-1989)). 
We have found that the tritium background in the air in our laboratory 
makes it impossible to produce reliable results if the concentrations are below 
2 kBq nr3. (Personal Communication G. Osilund, 1984). Previously we have 
applied a constant background correction by subtraction of 1.2 kBq 3H nr3 
from our measured values (cf. Appendix in Risø-R-527) (Risø Reports 1957-
1989). This is not done any longer. Instead a blank is following the samples 
analysed and the 3H level in this blank is used for the correction. 
7.3. Summary of Results 
The tritium results are shown in detail in the chapters where the samples 
belong. 
Tables 4.2.3 and 4.2.4 give the results for precipitation. The annual mean 
concentrations in rain in 1988 were: 4.4 kBq nr3 at Risø, 2.5 at Tylstrup, 2.3 
at Jyndevad, and 3.2 at Bornholm. In 1989 the levels were 6.8,2.3,2.2, and 2.6, 
respectively. The enhanced tritium levels at Risø were due to discharges of 
the DR 3 reactor at the site. The median concentration of tritium in Danish 
ground water (cf. Table 4.3.1) was 1.4 kBq 3H nr3 in 1988 and 1989. 
The tritium concentrations in Danish streams and lakes were 2.4 and 2.4 
kBq nr3, respectively (Tables 4.3.2.1 and 4.3.2.2). Danish drinking water 
contained 1.8 kBq 3H nr3 in 1989 (Table 4.3.3.1). 
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8. Measurements of Background 
Radiation in 1988 and 1989 
by L. Bøtter-Jensen and S.P. Nielsen 
&L Instrumentation 
Measurements of the background radiation were made with thennolumines-
cence dosimeters (TLD's), and a Nal(Tl) detector. 
8J. State Experimental Farms 
The State experimental farms are situated as shown in Fig. 4.2. The results of 
the TLD measurements are shown in Table 8.2.1.A and B. The results of the 
Nal(Tl) detector measurements are shown in Table 8.2.2.A and B. 
The -y-background measured with the Nal(Tl) detector in four groups of 
sampling stations is shown in Fig. 8.2.1 from 1962 to 1989. 
83. Risø Environment 
The five zones around Risø are located as shown in Fig. 8.3.1. The results of 
the TLD measurements are shown in Table 8.3.1.A and B, and the results of 
the Nal(Tl) detector measurements are shown in Table 8.3.2. A and B. 
8.4. Gylling Næs Environment 
The Gylling Næs environment is routinely monitored with TLDs, and the 
results from the site are given in Table 8.4.1.A and B. The locations are shown 
in Fig. 8.4.1. 
8.5. Great Belt and Langeland Belt Areas 
Locations on both shores of the Great Beh and the Langeland Belt (an 
international shipping route) are routinely monitored with TLDs; the results 
and locations are shown in Table 8.S.1.A and B au~ Fig. 8.5.1, respectively. 
8.6. The Baltic Island of Bornholm 
Locations on tve island of Bornholm have been monitored with TLDs in the 
period May 1987 • April 1988 and May 1988 • May 1989. The results and 
locations are shown in Tabie 8.6.1.A and B and Fig. 8.6.1, respectively. 
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Table 8.2.1 A. TLD-measurements of the background radiation (integraud over 12 











Oct 1987-Oct 1988 










Table 8.2.1.B. TLD-measurements of the background radiation (integrated over 12 











Sept 1988-Sept 1989 











Table 8.2.2A. Terrestrial exposure rates at the state experimental farms measured 


























































Table 8.2.2.B. Terrestrial exposure rates at the state experimental farms measured 





























































Figures in brackets were calculated from VAR3 {Vestergaard 1964). 
•Measured May 30. 
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IC 

















1965 1970 1975 
YEAR 
1990 
Fig. 8.2J. Terrestrial exposure rates at the Stau experimental farms in 1962-1976 
and 1978-1989 measured with the Nal(Tl) detector (yJt hr'). 
AUrkeby/Tornbygård 
Abed, BlangstedgårdlAnlev, Tystofte 
_ _ VuumgardlLedreborg, ØdumlKalø, Tylstrup 
—-— Jyndevad, Askov, Studsgård/Borris 
Fig. 8.3.1. The environment tf Risø. Locations for measurements 
of the background radiation. 
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Table 8.3 J A. TLD-meosmmnus ef the background radiation (mean of 2 x 6 
month integration periods med notmalutd to VLR kr1) tn five zones (I-V) around 







































































































TabU 83 IB TLD-memmrnna aftkt background ndiotmm (12-montk inugra-






































































































Takle 83.2A. Terrestnml txposmi nues at Ute Rtso somes tn 1988 measmrrd vttk the 
Nml(Tl) detector (yJt hr1) 
Risø zone Location January Apnl August October 
I 1 54 53 55 5.8 
I 2 65 69 75 74 
I 3 70 78 70 73 
I 4 54 54 60 59 
I 5 11.2 108 110 112 
Mean 19.7 21 20 21 
II 1 44 42 46 44 
II 2 50 50 54 52 
II 3 42 43 45 46 



















IV 1 43 43 
IV 2 47 47 
W 3 48 48 
IV 4 4 5 4 5 
IV 5 38 34 
IV 6 39 38 
IV 7 47 44 
Mean 44 4.3 
V 1 46 44 
V 2 56 58 
V 3 47 5.2 
V 4 47 52 
V 5 52 55 
V 6 56 54 
V 7 44 42 
V 8 44 4.2 
V 9 50 49 
V 10 4.3 38 
Mean 4.8 49 
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Tmklt 8.3.2.B. Ttmanml txpesun nus m tke Rao zomn MK 1989 t c m r f g i r t the 





































































































































































Fig. 8.4.I. The environment of Gylling Nas. Locations for measurements of the 
background radiation. 






. able 8.4.1 A. TLD-measurements of the background radiation (integrated over 











Table 8.4.1.B. TLD-measurements of the background radiation (integrated over 











Table 8.5.1A. TLD-measurements of the background radiation (integrated over 
12 months and normalized to yJi h~') along the coasts of the Great Belt and 



























lt'iOT O W E 
Fig. 8.6J. Locations for measurements on Bornholm. 
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Table 8.5JM. TLD-measmtments of the background radiation (integrated over 12 
month and normalized to pi? kr1) along the coasts of the Gnat Belt and Langeland 


























Table 8.6.1 A. TLD-measuremrits of the background radiation (integrated over 12 
months and normalized to pR hr1) on the island of Bornholm in 1987/88 







Table 8.6.1.B. TLD-measuremems of the background radiation (integrated over 13 
months and normalized to jJ? fr') on the island of Bornholm in 1988/89 






Mean 10 9 
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9. Conclusion 
9X Environmental Monitoring at Risø, Barseback, and 
Ringhals 
No radioactive contamination of the environment origin?:ing from the opera-
tion of Risø National Laboratory was ascertained outside its boundaries in 
1918 and 1989. 
Benibic brown algae, mussels, and fish collected at the Swedish nudcar 
plants at Barseback and Ringbals were analysed for radioactive pollution. 
Transfer factors from releases of various radionuclides to Fucus were calcula-
ted. The radioactive contamination of the manne environment due to the 
operation of the Swedish nuclear power plants resulted in doses of less than 
1% of the background radiation to any individual eating 20 kg mussel and 100 
kg fish per year. 
92. Fallout in the Abiotic Environment 
The mean content of wSr in air collected in 1988 and 1989 were 0.1S and 0.1 
liBq m-3, respectively. This corresponds to an effective halflife since 1987 of a 
little less than 1 year. 
The mean concentrations of 137Cs in air from 1988 and 1989 were 2.5 and 1.6 
p.Bq nr3 , respectivdy, also corresponding to an effective halflife since 1987 of 
about 1 year. 
The depositions of *°Sr at the ten Sate experimental farms in Denmark 
were 1 Bq m~2 in 1988 and 0.5 Bq ur 2 in 1989 corresponding to an effective 
halflife since 1987 of 1.5 year. The corresponding depositions for ,37Cs were 12 
and 3.5 Bq nr 2 and the halflife was 0.7 year. 
Since 1987 the lJ7Cs concentrations in Danish streams and lakes have de-
cayed with effective halflives of 1.8 and 2.7 years, respectively. 
The concentrations of ^Sr and ,37Cs in the surface sea water of .nner 
Danish waters have been nearly unchanged since 1987, i.e. about 17 Bq *°Sr 
m-}and81Bq»7Csm-3. 
9.3. Fallout Nuclides in the Human Diet 
The mean concentrations in Danish milk were 0.06 Bq *°Sr M and 0.20 Bq 
,37Cs I"1 in 1988 and in 1989 the levels were 0.056 and 0.13, respectively. The 
effective balflife of wSr in Danish milk was 10 years and of Chernobyl 137Cs it 
was 1 year, while for global fallout 137Cs it was 6 years. 
Danish grain from 1988 contained 0.34 Bq *>Sr kg-' and 0.12 Bq l37Cs kg-1 
the corresponding figures for 1989 were 0.34 and 0.09, respectively. The effec-
tive halflife of **Sr in Danish grain is 10-15 years. Global fallout 137Cs in 
Danish grain has decayed with a halflife of 12 years and Chernobyl I37Cs with 
about 5 years halflife. 
Danish vegetables (cabbage and carrots) contained 0.2-0.3 Bq ^Sr kg"1 and 
0.03 Bq 137Cs kg-1 in 1988 and 1989. Potatoes showed mean concentrations of 
0.03 Bq «>Sr kg-« and 0.07 Bq «7Cs kg-' 
The intakes of "Sr with total diet were 0.16 and 0.15 Bq d~> in 1988 and 
1989, respectively and the corresponding l37Cs intakes were 0.46 and 0.33. The 
effective halflife of Chernobyl 137Cs in Danish total diet is 3 years, while 
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global fallout !}7Cs decays with approx. S years hariflife. Stnwuum-90 has 
decayed with an effective halflifc similar to the radio'ogkal halflife. 
9.4. Strontium-90 and Cesium-137 in Humans 
The "Sr mean content in adult human bone (vertebrae) collected in 1988 was 
20 Bq (kg Ca)-» and in 1989 the levd was 17. 
Wb >le-bodY measurements of røCs were resumed after the Chernobyl acci-
dent. The measured mean level in 1988 was 980 Bq °7Cs (kg KH and in 1989 
the mean was 460, ie. the effective halflifé of Chernobyl ^Cs in humans was 1 
year. 
9.5. Tritium in Environmental Samples 
The tritium mean concentrations in 1988 and 1989 in ground, stream, lake, 
and drinking water were around 2 kBq nr*. The mean content of precipita-
tion in 1988 and 1989 was 2.4 kBq nr5. Sea water from the inner Danish 
waters contained 3-5 kBq tritium per m}. 
9.6. Background Radiation 
The average total background exposure rate measured with TLDs at the Sute 
experimental farms was 7.6 u.R h->. The mean of the terrestrial exposure rates 
at the Sute experimental farms measured with the NaI(TI) detector was 4.1 
pA h"1. The annual means in 1988-1989 are not different from the levels prior 
to the Chernobyl accident. 
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Calculation of Revised Models for ^ Cs in Danish 
UBOI 1913 the :,7Cs concentrations in Danish grain were nearly proportional 
w the mllout rates of ,,7Cs in May-August of the harvest year (Riso-R-437) 
(^jr*w»r979). 
Aner BM, however, an increasing discrepaocy between observed and pre-
dicted røCs concentrations in grain was noticed. This was a result of the 
growing importance of root uptake relative to direct contamination, which 
was dominating as long as fresh U7Cs still was present in the atmosphere. 
In order to estimate the soil factor b in the prediction model: 
Bq "7Cs kg-> grain (year i) = a-Bq »7Cs or2 (May-Aug (1)) + IrBq U7Cs 
• r 2 (acenmuiated by (i)) 
we made the following calculations for Danish grain from 1915: 
L From the old prediction models (Table C2.2.4 in Ris#-R-437) (Amrkrog 
1979), which induces the rate factor a only, and from the fallout rates in 
May-August 1985 the predicted °7Cs levels in Danish grain from 1985 
were calculated. 
2. The differences between observed and predicted levels were calculated. 
3. The differences were divided by the accumulated ,,7Cs fallout in 1985 
obtained from Appendix D.3 Qutland: 2894 Bq ,37Cs nr2 and the Islands: 
2312 Bq U7Cs nr2X This gave the b values in the revised prediction models 
shown below: 
Bqkgu, - 0-074 d , , ^ . ^ , + 0.032 HH A, 
Bqkg^ = 0.078 » W A . , , + 0.005 H H * 
Bqkgu = 0.063 d « * , ^ + 0.017-10-JAi 
Bqkgu = 0.052 d « ^ . ^ + 0.001 lO-'Ai 
Bqkg<0 = 0.063 4^./*) + 0.017 KH A, 
Bqkgti, = 0.045 d ^ . ^ + 0.00610-JAi 
Bqkg^ = 0.052 d ^ . ^ , + 0.0641<H A, 
Bqkg^ = 0.049 d « * ^ , + 0.005 lO-'Ai 
where d^j^.^) is the fallout rate in Bq ,J7Cs nr2 in May-Aug in year (i) and 
A, is the accumulated fallout by year (i) in Bq ,37Cs nr2 according to Appen-
dix D.3. 
4. In order to check whether the contribution of l37Cs from root uptake 
seems reasonable, we made a calculation of the observed ratios between 
the ,J7Cs concentrations in grain and in the ploughing layer (0-20 cm). 
The soil concentrations were based on two sets of measurements of ,37Cs in 
countrywide collected Danish soils: One in 1975 (Table 4.2.8 in Risø-R-345) 
(Rist-Reports 1957-1989) and another in 1983 (Table 4.5.3 in Riso-R-563) 


















Denmark has been measured to 13 years (Riso-R-563) (Ris« Reports 1957-
r^WxThesoUdmteoin^jjndlya^wercikcarcofTrøedwiihUmlBifiife 
to 1945 and the mean concentrations in the 0-20 an ploughing byer became: 
6.7 • 09 Bq mCs per kg dry soil in Jutland and -! 6 ± 0.1 Bq ««Cs kg -»in the 
Islands (the error term was * 1 S.E of the means of the two determinations). 
The differences calculated under 2. were divided by dat respective soil 
concentratiocs of l ,:Cs and the observed mean ration between grain and soil 
(dry matter) »7Cs activities was (0.9±0.35)-KH U 1 S.E.; n - t ) . This was 
fompatible with the values expected for Danish soils (sandy day) according to 
IAEA's »Handbook of parameter vclues for prediction of radionuclide trans-
fer in die terrestrial and fresh water environments« (2nd draft March 1917). 
According to this publication the expected values fer sand vary between 1-Hr*2 

































AAanuaHyc 4 A M U « potato ^Gtassand 
production production gnMnfoddtr 
•unaga-fcg inmcga-kg ptoducoon 
«imog»*g 
9B0 425 17.649 
V: F«n«n 
V.. Zaafcwri 



















W t r Copenhagen and 945.000 
992 .40 
1J972 565 





A mrf.C-.nmaria State* 1986) 
AA MDanmaris Statist* 198B) 
" * W Danmarks Statistik 1972) 
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Appendix C 
A Comparison Between Observed and Predicted 
Levels in the Human Food Chain in Denmark in 
andlK? 
TmUeCLA Cmmpmam mlttaetKtkttrwJmidpniiaté^Srltvtbmemvn 
id ntmfhi alkaed im I9tt 
* * * 
Datdttm 






























































. - . 
Bcj»Srkg- ! 
. - . 
. - . 
BoWSMkgCa)-' 
-"• 
. - . 
Bq«Sr!n-3 















043 = 0 * 0 
0 2 t =005 
046 =003 





0036 = 0006 
0037 = 0003 









































































l M h f t } 7 » 
C 3 2 i N o 1 
C 3 2 1 N o 3 
C 2 2 1 N © I 
C 2 2 1 H O 3 
C 2 2 1 N o 4 
C 2 2 1 M o 6 
C 2 2 l N o 8 
C 2 2 1 N o 10 
C 2 2 I N O 12 
C 2 2 1 N O 13 
C 2 5 l N o 8 
C 2 5 T*4o 1C 
C 2 S 1 No ' 
C 2 5 1 No 3 
C 2 5 l N o 5 
C 2 5 1 No 6 
C 2 5 1 N O 13 
C 3 4 1 N O 3 
C 3 4 1 No 1 
C 3 6 1 N O 6 
C 4 2 1 No 1 
C 4 2 1 No 7 
C 4 3 1 No 13 
C 2 4 1 No 1 
C 2 7 1 No 3 
C 1 4 1 No 1 
C I 4 1 No 3 
C I 4 1 No 6 
"Mean of an ground water samples except Fektbak (cf 4 3 11 
* No samples <n 1988 
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. - . 
. - . 
. - . 
. - . 
. - . 
. - . 
. - . 
. - . 
Bq»Sf<kgCaK 
_ - . 
.-_ 
B q * S * m - J 




















































* * M a a n ol aR ground waiar sampias aacapt FaMbak (cf. 4 3 1 ) 
= 2 
= 3 
= 0 0 2 
= 0 0 0 







= * 3 
= 013 
= 095 





























































i *a*wj l979t 
C 3 2 1 N o i 
C 3 2 l N o 3 
C 2 7 1 N O i 
C 2 2 1 Nc 3 
C 2 2 1 N O 4 
C 2 2 1 M O 6 
C 2 2 l ! t o 6 
C 2 2 l N o 10 
C 2 2 1 N O 12 
C 2 2 1 N O 13 
C 2 5 1 N o 8 
C 2 5 1 N o 10 
C 2 > l N o l 
C 1 5 1 No 3 
C 2 5 1 Ko 5 
C 2 5 l N o 6 
C 2 5 1 N o 13 
C 3 4 l N o 3 
C 3 4 1 N o 1 
C 3 6 1 N o 6 
C 4 2 1 N 0 1 
C 4 2 1 N O 7 
C 4 3 1 N O 13 
C 2 4 1 No 1 
C 2 7 1 N O 3 
C l 4 1 No 1 
C 1 4 1 N O 3 
C 1 4 1 No 6 
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Table C.2A. Comparison between observed and predicted li7Cs levels in environ-
mental samples collected in 1988 
Sample Location Unit Number Observed Predicted Obs/fered. Model in 
observations =1 S.E reference 



















Total diet C 



















Bq '3?Cs kg-1 


























250 i 18 
57 ±5 
0.27 »0.12 
0.098 = 0.032 
0.26 ±0.105 
0066 = 0 024 
0137 ±0.022 





















































C.3.2.2 No. 1 














C 3.4.2 No 3 
C.3.4.2NO 1 
C 3.6 2 ' o 6 
C.4.2.2NO. 1 
C4 22NO 6 
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Table C.2.B Comparison benveen observed and predicted 137Cs levels in environ-
mental samphs collected in 1988 
Sample Location Unit Number Observed Predicted Obs/fcred Model in 
observations ± 1 S.E. reference 



















Total diet C 






















Bq 137Cs kg-1 
. - . 






. - . 
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-"-
. - . 
-"-
-"-























































































C 25 3 No. 5 
C 2 53 No. 7 




C.3 4 2NO. 1 
C 3.6 2 No 6 
C 4.2.2 No. 1 
C 4.2.2 No. 6 
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Appendix D 
Fallout Rates and Accumulated Fallout (mCi ^Sr 
km-2) in Denmark 1950-1989 
Annual fallout rate in mCi ^Sr km-2 jr1 or Bq '•'Sr m-2 y~K Accumulated 
fallout by the end of the year (i) assuming effective half-lives of ^Sr of 28.8 y. 
Unit: mCi *>Sr km"2 or Bq »Sr m~2. 
^ ( A U y - A u g ) a n d ^(July-Aug): 
The fallout rates in the periods: May-Aug and July-Aug, respectively. Unit: 
mCi ^ Sr km-2 period-' or Bq ^Sr nr2 period"1. The fallout rate (d4) was based 
on precipitation data collected for all Denmark in the period 1962-1984 (cf. 
Table 4.2.1) (Risø Repons 1957-1989). Before 1962 the levels in the tables were 
estimated from the HASL data for New York (HASL Appendix 291,1975) 
(HASL 1958-1978) considering that the mean ratio between *°Sr fallout in 
Denmark and New York was 0.7 in the period 1962-1974. 
The di(May-Aug) an<* dtfjuly-Aug) values were also obtained from 4.2 (Risø 
Reports 1957-1989) for the period 1962-1984. For the years 1959-1961 the values 
were calculated from data obtained from ^Sr analysis of air (1959) and preci-
pitation samples (1962 and 1961) collected at Risø. Before 1959, the values were 
estimated from the corresponding dj values assuming that the ratios di(May. 
Aug/^ i and di(jU)y.Augy,di were constant in time and equal to the means found 
for the period 1962-1974, which were 0.54 (1 S.D.: 0.09) and 0.24 (1 S.D.: 0.06), 
respectively. 
Table D.l shows the mCi ^ Sr km-2 figures and Table D.2 gives the Bq nr2 
values. 
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Appendix DA. Fallout rates and accumulated fallout (mCi ^ Sr knr2) in Denmark 
1950-1989 




























































































































































































































































































































































































































































































































































Appendix D.2. Fallout rates and accumulated fallout (Bq *°Sr nr2) in 
1950-1989 



































































































































































































































































































































































































































































































































































































Appendix D.3. Fallout rates and accumulated fallout (Bq s370 nr2) in Denmark 
1950-1989 
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